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CHAPTER 2
Polynomial and Rational Functions

Section 2.1  Quadratic Functions

You should know the following facts about parabolas,
B Fly)=axrt 4 bx 4o, a# 0, s 2 quadratic fanction, and its graph is a parabola.
B Ifa > O, the parabola opens ppward and the vertex is the minimurn point. I o < O, the parsbola opens
downward and the vertex is the maximum point.
B The vertex is (—b/2a, f{—b/Za}.
B Tofind the vantercepts (i any), solve
axt + bx 4o o= 0
B The standard form of the equation of & parabola s
Flx) = ale — bF + &
where g # 0.
{a) The vertex is {4, k).

(B The axis 15 the vertical lne x = A

Vocabulary Check

L. nonnegative integer, real 2. quadratic, parabola 3. axis
4. posifive, mininum B pegstive, maximum
1. flz} = (x — 2F opens upward and has verlex Z Ly = 3 - x* opens downward and bas vertex
{2, 0). Matches graph (¢). {3, 3. Matches graph (d)
3. flx) = ¥ + 3 opens upward and has vertey (0.3, 4. fixy = —{x — 4)% opens downward and has vertex
Matches graph {h). (4, 0), Matches graph (a).
i - b L '
[ & [
X i
= + 4 - ¥ 2
N d
7 |
3
8 -8
{ap v ixj vertical shrink {a) y = 3x% vertical streich
" . ‘ . - i :
by v o= u_%..xz - 1, vertical shrink and vertical shift (b} v = 5x* + 1, vertical stretch, followed by a
one unit downward vertical shift upward one unit
N P . B . . . 3 - v .
¢y v = slx + 3}%, vertical shrink and horizontal {cy v = 3{x — 3}, horizontal shift three units to the
shift three units w the left right, followed by a vertical stretch
(dr vy = '—%(J{ + 3 — L, horzzontal shift thees (dy y= —3{x - 3P + 1, horizonal shift three units
units to the left, vertical shrink, reflection in tor the right, a vertical siretch, a reflection in the
x-axis, and vertical shift one unit downward x-axis, and a vertical shift one unit wpward

8%
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Section 2.7 Quadvatic Funceions B9

Vertes: (0, 25)

;

x-intercepts: (%, 0, (8, O}

Bi. fila) = {x + 4% — 3 A S B
Yerter: [—4, - %) Verew: (6, 33

aetercepts: (-4 2 V304 N a-intercepis

B3 Al = F - Bx o+ 16 = {x - 4T T4, glay = 00 + 2y -+ 1o {y 4 1)
Wertex: {4, 0 Yertex: (- | 43

oeintereents: (4, 0} Imercept (- 1, 0}

-2

15, floj =

Vertex: {3, 1} Vertex: {35, ~ 2}

Intercepts: {—




i Chaprer 2 Polynomial and Rational Functions

Ll e S - 1P S 18 fin
Vertex: {1, 6}
xintercepts: (1 — J6, ﬁ), [+ /600

—xt = dx + 1= - Uxt S A — 1

i

I

= Hix + 23 — 5]
—{x+ 2P+ 3

it
[

Yertex: (—2, 5}
h‘ Intercepts: (—7 + JE, 0}

19, hlx) = 48 - 4x + 21 = 4le — 4 + 20 2. fx) = 27 — x4 ]

Vertex: (L, 20) = 2fy "Ex} L1

x-ifercept: None e M~ TP bt
=2 -7+ {

Mo z-intercepts

2 f(x) = 0 A D 3= {4 A4 2. -

Vertex: [— 1, 4} f \
r-intercepts: (-3, 00 (1, 0) i
i

4 4

:{E | s
i . Vertex: (3, 2l
b ;‘ —

Fla) = (s 4 x — 30)

2T

{ [ AT
= e+ o+ g+ 30
2z

32 12t
j T

4

= =lx+}

23 gy = F B+ M=l + 4P — 5
Vertex: {4, ~ 5} 5

x-intercepts: { ~4+./5, é}} \ /

& Houghton Mitin Company. All rights reserved,
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Section 2.1

Quadratic Functions  $

26,

36.

e
Vertex: (5, — 11}
intercepts: {— 1683, 0%, (~ 8317, )
Flx) = 22+ 10x + 14
= (% + 100 + 25) — 11

Yerter: {3, —5)

Mo x-sptercepts

Flad = —4x? + 24y — 41
= —4{x* ~ fx + 9} + 36 — 41
v o dix - 31 - 8

. {3, — 1} is the vertex.

flxy = alx + 237 — &

Since the graph passes through {0, 3}, we have:

3= ol + 27— 1
3o oda - |

4 = dg

=g

Thus, y o= (1 4 2}’) ~ 1

{4, 1} is the vertex.
Ffxy = alx — 472 + 1

Since the graph passes through the point
(6, —7), we have:

7 =gl6s — 457 o+ §
—7 = dg + 1

~§ = 4a

25, flx)

29,

31

i

— 267+ 16x ~ 31
2 - Bx + )
=~y ~ 8x + 16 - %}
= 20 = 4P + |
(4. 1)

i

WVertex:
x-intercept: (4 + 1./, 0}

2

e
s

o b 4) is the vertex,

S = ale = 1P+ 4

Since the graph passes through the point (1, O3},

we have:
=gl + 17+ 4
g=udg + 4

w3 o

Thus, flxy = —(x + 1) + 4. Nowe that {
on the parabola.

{—72, 5} is the vertex,
fixp = alx + 23+ 5

Since the graph passes through the poim
(€, 93, we have

G =l + 2V + 5

j- =

Hxy = He 4 297 + 5= ix + 27 4 3
{1, —2} is the veriex.

£ = alx — 1)2 - 2

Since the graph passes dwough the poing
{1, 14}, we have:

14 =g{—1 - 1}* 2
14 = dpg — 32

16 = da

4 =4

Fley = de — 1P~ 7



82  Chapter 2 Polynomial and Rarional Funciions

B2 {4, ~ 1) is the vertex, 33, (";" i} is the vertey

fley = alx + 42 — 1 o = ale ~ 3 4+ 1

Since the graph passes through the point Since the graph passes through the point

4 y ! - 2
{32, 4}, we have: (-2, ~&}, we have:
. / 137
4= gf~2 + 47~ 1 = gh -2 2l

3. { ----- i I} is the vertex, 3E y=xt 4y — 5

Since the graph passes through the pomt = 0~ 4y — 5
{—1, 7). we have: 0= {x — 5}x + 1}

-4 y= 5 or xow -

I
g T T4

I, v o= xRk Ry + 16 oy =t b b @

xeintercept: {~4, O}

L8y + 16 e g - By + 9

3. v o= oxt - 4x 46, v = — Tt 4 W

g,
et

0= - 4x xintercepts: {0, 03, (5,0} 0= 20" = Tx = 30
0= xlx — 4} 0= ~2x" 4+ i 0= (2x + 5}x ~ 6)
o= 0o x4 0w g2+ 11 =i oogr xo= 6

= N

£.0], 6.0

B

x-imtercepts: {8 OF (4, O0) o= 00w 5 x-intercepts: |-

& Houghion Mifin Company. Al rights raserved.
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Section 2.1

Guadratic Functions

23

42,

48, flxey = |

47. flx)

49,

y o dy® - 28y — 21

1o
by i

()

=T

x-imtercepis: {—7, 0, (075,09
(b= 4y o+ 25 — 21
= (x + THdx — 3}

+ e~ 3)
2o 2x -3

= —{x + j{x — 3
s (2 - 2y — 3)
= %+ 2x + 3

Mote: flx] = alx + 1}x ~

43,

[—13fx — 3}, opens downward

== ~—;{x3 — & — 7

44, y =5 + 120 — 45)

}f e
3 16
ol .
" ,‘ 7
80

0=x— 6x~ 7 0 =

cdmercepts: (1 0L (7, 0 x =

D — 3}, opens upward 48, flx) = alx — Oz — 1) =

Many correct angwers,

x-intercepts: (3,60}, (—15,(

hlxt b h2x -~ 45

g, 18

Flxp = xlx ~ 10} = £ — 10x opens upward,

dovnward,

3} bag x-intercepis

(1, 6% and (3, O for all real numhers o # (.

= (x + 3x + $H2)

=+ 32 + 1)

w Pyt Txo 3

ghxy = — {257 + Tx + 1), opens downward

= Pt — Tx — 3

m fy — (— ‘%}E{x - { - %}j{?;} opens upward

Flep = —xle — 10 = —

x* + it opens

48, = Y~ (-3~ 2
=2z + I — 2
= 2x* 4 x ~ I, opens upward

Many other answers possible.

MNote: flx} = g‘{éfx + 3WZx + 1) has s-intercepts
(—3, 0} and {—1%, 0} for all rea} sumbers a # 0,

Let x = the first number and v = the second number. Then the sum is

x+y=110 = y= 110 - x
The product 5

Ple) = oy = x{1i0 — &} =
Pix)

Fidx — x%
—x% + 110

—{x* — 110x + 3025 — 3025)
—f{x — 55)% — 3025]

= —(x — 557 + 3025

Il

i

i

The maxiroum value of the product ocours at the vertex of Plx} and is 3025, This happens when v = v =

i

if
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&3, Let x = first number and v = second number. £1.
Then, x + vy = 5 v = & — x. The product is

Plxi = xyv = x5 — 11,

Plx) = S - ¥

The maximum value of the product ocours at the
vertey of Px) and is §7

52, het x = first number and v =

e + 441) + 147

P 14T

The maximuom value of the product s 147, and cocurs when x

(B}

[

{ey Biistance rraveled around track in one lag

d= 7y + Lo = 200

Lat v be the firgt number and v be the second
pnumber. Then x -+ 2y = 24 = ¢ = 24 — Zy

The product is F = xy = {24 — vy = 2dy — 2y

Completing the sguare,

The maximurn value of the product P occurs at the
vertex of the parabola and equals 72 This haprens
= 6t x = 24— 26 = 17

when v

Radivs of semicircuiar ends

;R 2500 - 25045

- :"{‘l . ﬁ{}_‘}l i Ni@{}{;

@ Houghton Mitlin Company. All dghis reserved.
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Section 2.5 Cuadratic Funcrions 95

54, fay 4x + 3v = 200 = v = m{zi}{} —dx) s A = 2xy =

o X ¥ _ Area
20 H00 - 4(2)] | 2y = 256
4 200 — a(4)] | 2ey = 491
6 | H200 ~ 46)] | 2xy = 704
§ | H200 — 48)] | 2xy = 896
W 4200 — 401011 | 2xy =~ 1067
12 0 H200 — 40121 | 2oy = 1216
Maximum area if x = 25, v = 33%
() A = Bl “‘r(i -}
2000
/O
/
o 50
5

Maximum it x = 25,y = ??é

, 3
by When o = 0, v = 5 feet.

{e} The vertex ocours at

b T9/5 3645

YT s T 2T ae2008 0 w2

oy == 113.9.

The maximum height is

‘‘‘‘ 167364502 9/3645% 3
-l i
2(1‘2‘& 32 3y 32/ 2z

= [04.0 feet

{edy Using & graphing utility, the zero of y oocurs a
x = 2286, or ZZ8.6 feet from the punter.

w{m ~ dx} = %m( 50 — x}

x ¥ Area
20 gi;zs}@ 4201} 1 Zxy = 1600
22 | 200 — 4225} ] Zxy = 1643
24 Hoo0 - 4024)] 1 2xy = 1664
26 | 4200 - 4026)] | 2oy = 1664
28 | 4200 — 4028)] | 20y = 1643
301 H200 — 4G 2y = 1600

{x? — 50x}

30x + 625 — 625}

The maximum grea occurs at the vertex, and i
500073 square feet, This happens when x = 25 feet
and y o= {200 — 4{25}}1/3 = 1%/3 feer. The
dimensions are 2y = 30 feet by %”% feet.

The results are the same.

{e)

4 24

-yt ey 12

) g

The maximum height of tha e’iiva OoCUrs a8

the vertex, v = i wm 4/9} e

The height at x = 3 18
4
Wg(_g}“

56,

y=

24
I3+ 12 = 16,
)

The maximum height of the dive 1s 16 fee



96

Chapter 2

Polynomiol and Rational Functions

57.

51,

C o= 800 — 10 + 0,257

x| M 115 26 1 25 30
O0F T8 70635 | 700 TO625 ) TS

From the table, the mundmum cost seems 10 be at

x = 70

The minirm cost ooours at the vertex,

— - ) g
\:{ — i = _{_ E{}} B #’;E} = 2(}

Ta o A02% T 0E

C{20% = T00 is the minimuan cost.

B8, (2}

Crraphicatly, you could grash O = 800 — 10x + 62557
in the window [0, 407 w [0, 10007 and find the vertex

(30, 1000,

RI30Y = — 250307 + 1200030}

= $13, 506 thousand

(b The vertex ocours af

(dy Answers will vary.

Cli) = 4306 ~ 34r — 15337, 0 21 2 44

{(f = O corresponds 1o 1560,

&y, (a)

2

S

:f/
4 M.‘Mﬁi_wm.‘ 68

&

Thus, the maximum speed is 59.4 mph.
Analytically,

00257 + 0055 - 0029 = 10
et b S0 - 29 = FOE00
2s% 4 305 — 10029 = {0

tsing the Quadratic Formula,

- 360 & /307 — 4(2)(~ 10,028}
§ = :
84.4, 59.4

The maximum speed 18 the positive 1ood,
5.4 mph.

Bigy = ~12{4% + 15064] = 3404
R{Gy = —12(617 + 150(6) = %468

R{&} = — 1208} + 15045} = %432

 The vertex ooours af

The prica is 3625 per pel.

{a) soe

B
e
e
Py S— o

Iy The masimum consumpiion per year of
4306 cigarelies por person per year occurred
in 1960 = 0} Answers will vary.

(o} The maxinm revenue is
e 150{ 201 = 5468.75
oA R
{d}y Answers witl vary,
{¢) For 2000, (40) = 2058,
L ALYTO00
(2(}'5%}V"if'fimf’mﬂ == G909 cigareties per sinoker per vear,

48,306 0060

- == F4 cigarettes per smoker per day

& Houghlon Mifflin Company. Al rghts reserved,
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Sectiom 2.1 Quadraric Functions 97

62. §

&7,

&%,

= o PR AN - 218 b 2435, 0 < £ < 14 63, True

-------- 7 T
{a) The vertex is fg = E{jégi} = 38, or 1993 Hx P=0
(b} For 2004, ¢t = 14 and § =~ — 78, or
— 378,600,000, Clearly the model is not
accurate past 2003

12x% = ~ 1, impossible

{c} Probably not. Answers will vary.

— i 0 5

. True. For jé’x} T R e ST 65 The parabola opens downward and the vertex is

2A-4) # 4 2, -4} Matches (¢ and (dY

-6 -3 3G —5

For g0 5 = 31y = 3¢ = 4

In both cases, ¥ = wg 15 the axis of symmetry.

. The parabola opens upward and the vertex is (1, 3} Matches {a).

Forag < 0, fley = a r o+ j j { 2) is @ 8. Forg < O, flx) = a{z: + :}w}j + {t - :?:{;J )
maximum when x = E—b In this case, the maximum when x = “;: I this case, the maximum
maximum valoe is ¢ -~ {}j . Hence, value is o 2}; Hence,
b= . ‘ b
e R
~ 1 = 300 — B ~ 197 = 64 - B
A0 = b2 B = 56
= b= 16
Fora > 0, flz} = cr{x + ;5%; + (/< ““““ g;; is a 76, Fora > 0. flx) = a(a + %J + ’¢ ------ ;i isa
minimam when x = zm In this case, the minimum mimmum when x & Ej In this case. the minbmuom
value is ¢ — fi Hence, value is ¢~ wi Hence,
e 4
10=2-% ~50= ~25 -
46 = 104 ~ k7 - 206 = - O~ B
B = 4 b= 100
b= 8 b= 10
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7L Model (a3 is preferable. @ » 0 means the parabola opens upward and profits are tnoreasing for 1 o the
right of the veriex,

TEov o= oad b obr o 4
(0 ongraph 0= a4 b~ 4
{4, 00 on graph: O = 16p + 4b 4
From the first equation, b = 4 — 4.

Thus, &= 16 -+ M4~ gy — 4 = 120+ 82 = g ~tandhence b = S, and vy = 0 + 3y~ 4,

Tho v om dp o 10 by ow

The graphs ersect at (4, 23

xh ok g o fy o i
ix 4 Y
% %oy

The graphs tntersect at (2, 115

€ Houghion Mifflin Company. All dghis ressived.
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Section 2.2 Polynomial Functions of Bigher Pegree

&

Section 2.2 Polynomial Functions of Higher Degree

B You should know the following hasic principles about polynorsd

Bl =axtra, xt gt e v g, n, # 0,58 & pelynomiat function of degree
B fisof m%d dieegree and

{a} ¢, = O, then

"

i f:r}'cmwx,m« —3 £

OAE X e OO

Z2ofx) oo asx — oo
B s of even degree and
(a} a, = O, then

L)

C} oy OO AS X b 00,

2. flx) = oo oas x -y oo,
(b a < G then
b flad s — oo as x — oo

2. flo) s — 00 8% X - o0,

f-i%?} x

{ey {x - a}is a factor of the polynomial.

= g 1% & sobution of the g}{}%ym)mizi? equaiias flx) = 0.

ey {2, O ts an x-intercept of the graph of £

B A polvpomdal of degree » has 4t most » distinet zeros,

v every value between 7{al and

B Iff is a polynomial functon such that o < b and flar 2 fAb) then [l
b in the interval o, b

B If vou can find 2 value where a polynomial is pos
at least one real zero between the vahues,

> and another value whore 318 pegarive, thon there is

VYacabulary Check

b conting 2. bLeading Coefficient Tost A onon — 1, relative extroma
4. sclution, {x -~ o), cmiercent 5, wuches, crosses 6. Inwrmediate Yalue

2o flx) = ox
and {4, 7 and opens spward. Matches graph (h),

: 3:‘ + i ma fsgc*c*tgm (0, 13, {1, 0.

3. flay =

Ix® - 5x i g parabola with x-intercepis
{0, O and {—

0} and opens downward. Matches

graph (c}. Matches gf‘a;}%‘i {a}.
&, flyy = —1xt b 37 hag intercents & ix" = # x? o T has v-igtercent 6
J it !

N ; . Totodpe
(0,0 and (£2 3, 0], Matches graph (e). Aaiches g m;}h ().

- dxois w parabols with interceprs (0, O
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7, flxd = b+ 2% has intercepts (0,0 and (-2, 0},
Muarches graph ()

Forizamal shift two
ufits to the right

{\[:} in’}»,} e %‘"{R
Reflection in the
Eeaxis and a vertical
shrink

Horizontat shift five nniis 1o the left

(e} fley =4 — &t

Feflection in the x-axis and then a vertical
shift four units upward

8 FAxi= %ﬁ - gt %x has imtercepts (0, 0, {1, 0,
{1 00 {3, 08 (=13, 01 Matches (b).

WVertical shift rwo units
devwrnward

@ flx) = (= 2 - 2

Horizontal shilt two

units w0 the right and

a vertical shift two units 7
downward

Yertica! shift five units downward

(dy flax) = Ha - 1y

Horizontal shift one umt o the right and
a vertical shrink

@ Houghton Mifflin Company, All rights raservad.
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Section 2.2

Polvnomial Functions of Higher Degree

141

1 i) = 32— 9x + 1 glo) = 350

g

g
I
|

{4t
Iy

-
130 fle) = oo L - At L glx) = -0
7
-8 g &
5/

Degreer 4

Leading coefficient: 2

The degres is even and the leading coefficient
is positdve. The graph rises t the lefi and right.

. - 9
7. gtx) =5 - g -

e eyremees T
Dregree: 2

Leading coefficient —3

The degree is even and the leading coefficient
is negative, The graph falls 1o the Jeft and right.

9,

Degree: 5 {odd)

ot — §
Leading coeflicient: 3

Falls o the left and rises to the nght

- 5¢ -+ 3)

¥

Begree:
z
f’;

Leading coetficient: 4

The degree 15 ever and the leading coefficient is
negative. The graph falls o the left and right.

4. flx) =

49 —

{7 — x}{7 + .

b+
-3

T

[¥]

12

is.

18, fla) =

T N ;o f .
=5l — 3x + 2} gl = gl

fla) =

hix) = 1o 40
Degree: 6
Lesding coefficlent — 1

The degree is even and the leading coefficient &5
negative. The graph falls 1o the el and rnight

Dregree: 3
Leading coefficient: 3

The degree s odd snd the leading coefficient iy
positive. The graph falls to the lelt and rises o
the vight.

Degree: 7 {odd}

g

Eeading coethicient:

Falis w the left and rises to the right

Degree: 3

Eeading coefficient:

The degree is odd and the leading cocetlicient is
negative, The graph rises (o the left and falls w
[he right,

= 3 (multipliciy 2}



102 Chaprer 2 Polynomial and Rational Functions

26, fleb = x7 + 10x + 25 T fx)=xt by - 2 28 flxy = Zx? — ldx + 24
= iy + 5¥ = (x + 2ix — 1) = 2{x? — Tx + 12}
x = ~35 (mulaplicity ) re= =20 = Z{x — 3}z — 4}
x =34
2%, fly =t — 42 + 4y 3 flo) =4t — 2F - 2000
= ffr - I3 = oxied — 1 — 20
§= 0.2 {(muoluplicity 2) =y Uy + 4¥x — 5)

x o= =4, 5.0 (multiplicity 2

. 5 ]
32, flxj = ';45;%:2 e

s
3L fix) T3

i, .
=356 + &~ 4)

§ S — {{q - ’?}{y FR
5 5 = 3080~ Bix + 2)

2

= (35414 —~ 55414
x = 'é', -2

33 () z 3. glxy = 8x% — 10y — 5

i .

/ @ ; ;
! f
s ‘ }

{by x = 3732 0268

oy fla) = 3x% ~ 12x + 3 (b} Zeros: —ih414, 7414
= 3x? — dx o+ 1) ey plep = Sx% ~ 2x ~ 1)
4+ /16— 4 o 24 JE A1) -
xom et = 2 1 3 x= =1+ 3
2 2
{ = —03414, 2414}
{1+ V2,0
35, () 5 36, y = ;i._xj%('xi?. — G

g -
2 i

by 1 = +1 Y
ey gt} = %14 . % by Zeros: 0, %3
= ot # B - D+ ) () 0= Lo — §)
=kl x=0.+3%

x-intercepis: (0,0, (£3, 0)

© Houghton Mifilin Company. All rights reserved.



Section 2.2 Polynomial Functions of Higher Degree 163

37, (a) : 38, i) = 15~ 68 + Or

F
'y
f ¥ fay &
{ I &
t E i
i Eﬁé ) r ; 3
T I |
U B .

{ey Flay = 2% 4 28— 6y by Zeros: &, 401,732

= gyt 4 - 6l (o) gl =15 — 68 + O

Fe= 02 S (e 0+ T

39, (a; & 4 fix) = Syt + 1557 + 10

& — &

fo) fley = 2® - 235 — 40 (b} No real zeros

41, () 42 v = dcd  dxd - Tx b 2

o -
-
o
o
T

ghis resarved.

= az yH g e »"5‘} ..... I8{y - 45 (cy £ =

t
i

ompany. Al

~
e

- —= . 5 e
A i X

2 Houghton Miffil

i
S



4 Chaprer 2

Polynomial and Rational Functions

43, (a) i

2 &
(hy x = 0,2

0= xlZy — 5P
e={ or x =5 (multiplicly 2)
S5, flx} = 2yt - 6x2 4 1
4

a2

Zeroy, ¢ =~ + 0421, +1.680
Relatve maximurn 0, 1)

Felative minimums:

{1225, =350 (- 1.225, — 3.5}

47, fle) = &5 3a0 -

| ——

Zeros: x == -~ 1 178
Relatve maximurn: {— 03724, 6218}

Relative minimum: (33724, 5.782)

49. Ficy = {x — OHx — 4) = 2 — 4x

Mote: fix) = alx ~ 0fx — 4) = axlx — 4} has
zeros O and 4 for all nonzero read numbers a.

Bl flo) = (x =~ Ojlx -+ 2¥x + 3 = 00 4+ 507 + 6x

Note: f(x} = axlx + 2¥x + 3} has zevos O, —2,
and — 3 for 2l nonzero real numbers a.

4. v

46,

48,

G

= x{x* — 8x7 4 4
xlx? - AxE - 1)

= ylx — 2Hx + 2Hx - PHr + I}

il
H

Zeros: 1 +2

0,00 (21,05, (2.4

Flay = 3% = x5 2+ 5

a5
o
i
£ / M\s,r &
i
¢ i
a1y
Heal reros: —4. 142, 1.934

Feelative maximums: (09155 646),
{2,915, 19.688)

Relative mintmom: (0, 5)

flab= —3x7 -4yt + 5 — 3

eal zero: ~ 1LRI9
Relative maximum: (371, —2.943)

Relative minimurn {— 1§, —5)

Fleb = (x + Tix — 2 = + 5r — 14

Cfla) =l = 0¥y — Zix — Sy = x5 - Tt b 1

@ Houghton Miffiin Company. AR rights resarved.
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|

0

- 4(x + 3 — Mx

s by o Ax? — Oy
m gt e 4yt - Oy 4 S

i
iFE

LEY
i

----- B 10 4 2Tx - 2

alxy - D — 47

A .

Mate: flx} =

.
- 5 hay reros

7.4 - S5, and 4~ S5 for all nonzero real

nurnbers a.

(x + 1) = x4 S0t 4+ By + 4

Mote: flx) =
and — 1 for all nonzern real numbers a.

Mate: flxd = aly + 470x — 3F has zeros ~ 4, ~4,

A% for sl ponzero real pumbers @

63,

Fo = ok DR+ 2)

g e dg? - By — 7

alx -+ 1¥(x 4+ 2V, @ < O, has zeros

Moter fle) =
ok

ale + 23%x + 1) has zevos —2, — 2,

2, rises w the left, and falls o the night

54,

o
&

£ih.

62.

64,

o — (=2~ (= 5He = O3~ Bix - 2

P

i) =

=zl + 2Mx + PHe — VHr — 2}

Note: [
has veros — 2, 1,80, 1,2
nEmbery o

o atl nonzero real

R EEY

e e

e e - (6~ S
/"7 -
W 3 For all nonvero real

Note: fix

haszeros 6 + 3 and 6 -~
numbers .

Mote: fix) = alx ~ 430 — 4x — 3} has zevos

4,2 4 . J7 for all nonsero real numbers o

Fly = (x — 3x - 2

2t 96 + 30x7 ~ 44x + 24

I

Nate: fled = alx — 3o — 2P has zevos 3, 2,2, 2
for all nonzero real numbers o

Fla) = (o + 5P — 0F

¥ 15t o+ 7Sy 4+ 17542

Mote: fl) = alx + 3¢ has zeros ~ 5, ~5, =5,

0, & for all nonzero real numbers a.

— 1, 1,4, 4, falls o the lefr and falls 1o the nght
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&5, : &6,

For example, For example, flx} = {x + 2}x + ¥y — 112
Flcb = —{x + 2Hx — ¥ = —x5 + 3x — 2.

&7, s 68,

68, (a) The degree of £ is odd and the leading T6. {2y The degree of g is even and the leading
coefficient is 1. The graph falls to the left coefficient 1s 1, The graph rises wo the left
and rises to the right. and rises to the night

(B) flx) = 2 — = x(x? — 9y = oy — Nx + 3 by glx) = x* — 4x% = x:Ux® — 4)
Zeroe: (1,3, — 3 ez 2 — iy + 2}
(¢ and {d} ; Zeros: 0,2, —2: (0, 0), (22, 0)
(w3 and ()
-1 i A
—4 -

731, (a) The degree of f is odd and the leading T2 (a) The degree of f 15 odd and the leading
coetficient is 1. The graph falls to the left coefficient is 3. The graph falls 1o the left
and rises to the right. and rises to the right.

thy flxy = 2% = Zx? = p2x ~ 1) by Floy = 327~ 247 = 37%x — 8)
Zeros: 0, 3 Leros: .8
(o and (& foy and (3

© Houghton Mifflin Company. All rights reserved,
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73.

78,

76,

gl =

{a) The degree of { is even and the leading
coefficient s — 1. The graph falls to the left
and falls to the right.

(hy fly = —x* + 9% = 20 = ~ (3% ~ 4{x* ~ 5)
Zeros: 2, +./5 (2.0}, (5, 0
(e} and (&) ’

{2y The degree is odd and the leading coefficient
is 1. The graph falls to the lefi and rises o the
right.

(by x¥ 4+ 3x% = 9x — 27 = x%x + 3}~ Yx + 3)
(x* = Gix + 3}

= (x — 3jlx + 3p°
Feros: 3, -5 (G0 (3,08

il

{a} The degree ts odd and the leading coefficient
is 1. The graph falls to the left and mses (o the right,

(hy 2% — 4x + Bx? — 37 = x — 4 + B~ 4)

= (4 Y - 4]

m x4 2t — Zx 4+ 4My - 2Hx 4+

Zeros: —2, 2 (£2, 03

R Tal
{a} Falls to left and falls 10 night { W-‘i < (}}
(b) 1) = =3(t* =

g =D =0 2 D e~ 2,00, {2, 0}, zeros

817 + 16} = —Hp — 47

() and (d)

74. (ay The degree 1= even and the leading coefficient
it 1. The graph falls to the left and falls to
the right.

(b fla) = —x8 4+ T + &= — (7 + 1ix* ~ 8)
Zeros: — 1, 2o {1, 00, {2, 6
(¢} and () v

164
EE

(o amed {63

IR

{¢y and (d}

T8 glx) = 5t — 4x -~ 202+ 12x + 9)
(a} Rises to right and rises to left; {5 > 0]
(b glx) = 1olx + VPx — 37
Zevos: {— 1,01 3. 0)
{cy and {d)

whed e3e o413 G 4§
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1} snfervaly
41, Ty and €2, 3.

g

(hy Feros 0879, 1347, 2 83

P

The function hias three yeros.
They are o the intorvals
(B =23 (=1, 00, amd (O, 1}

By Feros 2810, (U832, §.642

]
Py R . ty P

i

The function has bwo 2er0s.
They are in the inyvals
(7, Fand (G 1)

(b} derns: — 1385 4.779

o)

0% | 005 t30 | 0127 25 | ~0.128

- BHOBI13

§.89979

B
Ly

- L

- {38047

087277

~ (L0482

g.6708

(.045%94

---- 0084

14514

00193

063226

021838

— LR

LOT3RE

02945

Lad
5

-~ 6333

0.1 1647

¥ X ¥ X ¥y
-~ 283 §.277 .86 5. 164 {h62 0217

0.63

0,119

281

{hod

00618

R

~ {5136

DO

0.65

~ (084

279

G.068

.66

{3 EEG

5

¥y

(L2768

----- 03633

Lt
R

009513

P58 00812 0T - iied
-~ P57 | —.2524 (.78 (.00866

(.14066

-~ (15795

.2768

{37356

GAETHT

& Houghton Mifflin Company. All rights resanved.
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82, hiz) = x* — 1%+ 2

(c) Because the fupction is even, we only need to verify
the positive 72105,

(a) _
12 At x ¥y & ¥y
0.42 | (3.26712 309 ] —2.315
G.43 [ (18519 310 1 1748
The function has four zerns, They are in the 044 | 6.10148 Sl A
intervals {0, 1), (3, 4% (— 1, 0} and {—4, =3} 045 | 0.01601 387 1 ~0.585%
by Notice that k is even. Hence, the zeros come in 461 —0.0712 313 1 01025
syrmetric pairs, Zeros: £0.457, £3.130 047 | — 01607 314 | 06157
0.4% | —0.2509 | | 3.15 | 1.231
#3. = B4, hix) = x — 4F 85,
Ao b e - e
; 4 [( ‘:L 3%
\3 f [ Vo
13 8 gj B T
5 LS L 5 50
. . N ’ f[ i
Fle) = ¥z + 8} -1 gty = 3t — 4% + 4P

MNo symmetry Mo symameiry

Twir x-intercepts

Cglxy = Flx + 1x — 3P 87. z

Two x-intercepss (0, 0}, {4, O

Syminetric about the y-axis

Twer x-intercepis

|

@

. Loty {J

i

= fley = x° — 4x

il

No symmetry.

Twe x-intercepts (1, 4}, (3, O}

Three x-intercepts

2y = Hr + 1x - 3H2x — 9)
Three x-intercepts

No symimetry

= xlx + 2Hx — Zj

Svmmetric to origin

B, flo =% — 27
q S
’; |
3 i ! 3
YA,

Symmetric with respect
1o v-anris

Three r-intercepts (0, 0},
(.2, 0)

90, hlx) = Hx + 223z - 57
No symmetry; two rinlercepts

24

&
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1. {ay Volume = length » width x height

Because the box is made from a square, length = width.

Thus:

Yolume = {length)? » heipht = (36 — 2x)x

{¢} Height x
i A5 -

Fength and Width
2
2 G — 22
3 36 — 23
243
3 36— 2{5}

4 36 -

6 36 -
7 36 -

6
27

Maxisum volume 3456 for y = 6

8%, (m) Vix} = length « width x height
m (G - DxH24 - dxix
= Fe 2 — xHE — &

by Domain: < x < 86

Yolume, V

136~ 2

[
)
b
[
3

It

26} F =

- 7f 7'}33 i

{c}
P g
0 -
ARIY A

VTR

{by Domain: 0« 36~ x = 36
3G Dy o

R ow oxo» O

ES 3 i3

Maxinmum oocurs at ¥ =~ 254

43, The point of duninishing returns (where the graph changes from curving upward 1o curving
downward) ocours when £ = 200, The point s (200, 1607 which corresponds to spending
22000000 on advertising to obtain a revenue of $180 million,

4. o

Point of Dminishing Rerres: (152, 27.3}

15.2 vears

44, 205

!

-

<

98, Answers will vary,

97, For 2000, 1 =

The maodel 15 a gooed fic

203, and
v, = $730.2 thousand
v, = 52854 thousand.

Angwers witl vary.

44, True. flx) = ©° has only one zera, 0.

@ Houghton Mitiin Company. All rights ressnsad.
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166,

104,

1g6.

198,

114,

131,

113

iis.

True. The degree is odd and the leading
coefficient 8 — 1.

. False. The graph crosses the x-axis at x = ~ 3

and x = 0.

False. The graph rises wo the left, and rises (o the
right.

The zeros are 0, 0, 2, 2, and the graph falls 1o the
right. Matches {2},

161, False The graph touches at x = 1, but does not

cross the x-axis there.

163, True. The exponent of {x + 2} is odd (3).

185, The zeros are 0, 1, 1. and the graph rises to the

right. Matches (b).

197, The zeros are 1, }, — 2, — 2, and the graph rises 1o

the right. Maiches {a).

Y

(f+ gil—a) = flmd) + gl~ 4 109, (g~ £ = 2(3) — F03) = &(312 — [1403y - 3]

= 50 + |28 = 69 ' Y - 30 = 33
R B D A A T .(3 16y 1408
(o8l =7 [{ 78 7) R R
A 15 -4 4 e o m
L L5} s T e s e A Fegi~1) = flal— 1) = FI&) = 1
{ e e I T R 12, (F0gl= 1) = flg(=1)) = fi8) = 109
(g o fHO) = g(flO}) = (3] = 8(-3)" = T2 114, 3(x ~ 5} < 4x = 7 NV S -

G o 15 o dx — 7
—8& =
It —x e i -
2=k =20 S S e

(Ox + 1Hx— 2 0

Pr+tz0amdx—F 20 o0 (2641 s
[x

or Xs -

tA
t

: ;
xz —3andx 2 1] or

x =

33— 2

PaN
L

S5x —~ 2
-7

-4

A

0

- e A g
Sx — 2 — 4x — T} <0
7

[x +2020andx ~ 7 <0} or [x+26<0andx ~ 7 > 0]

[x 2 ~26and x < 7} gr |x <

~26 = x < 7

x 7 trefnmri—

impossiblie

—-26and x > 7]
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X !
y+ B>l oor xR 18
x or X € 24

Section 2.3 Real Zeros of Polynomial Functions

Yo shoukd know the following basic rechnigues and principles of polysomial division,

The Division Algorithm (Long Diviston of Polvnomials)

Syathernic Division

FikY is equat to the remainder of flx) divided by (x — &)

< O and ondy if (x - kbis s facror of flx)

A

The Rattonal Sero Test

EE B EEB

The Upper and Lower Bound Rule

Yocabulary Check

b, Flchis the dividend, o) 15 the dwvisor, (0 s the guotient, and #x) is the remainder,

¢
2. Improper. proper L synthetic division 4. Rational Zero
5. Descartes's Rule, 8§ &, Reroginder Theorem T.oupper bound, lower hound

~

wr

Houghton Mifftin Company. All rghis resgrvad.
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& Houghton Mifffin Company. All rights resarved.

5. = x o+ 5. x* - 25
dx+ 85} 4xt 7%l — Lix + 5 2x — %) 20"~ 3% ~ 50x + 75
—{4x% + 5x7) 2t = 3
10y 2 1ty — 50y + T8
= (=127 — 15x) x5
T !
dx + 5
— (d4x + 5 2xt = 3yt o S+ TS R 3
— Tx - 3 )
4
ded Ut — ik + 5 5
PR A 4 e ¥ ;:L ——
s X 3x i, x P
7. Tt — Y4x -+ 28 £ 4y — 2xt b oy %
X+ 3T e Ot b Oy 4+ 3 Tr+ PI8xt + 00 £ 022 £ 0x ~ 5
1o A 14y 8t + 40
P42 4yd
- 142 = 28 i g
28x + 3 T L
28x + 56 i
- 53 ............. -—1 S
T+ 3 y 53
rmrrm——————— T xc — + ” [
Tt = L 28 - =2
& Jx = 5

~2x + 3
6 + Wt + o+ 8 Ir — 3
= 3x 4 § - i
2xt + 1 Txt 4+ 1
11, x
PRI B B I A Y
x + x ¥ -
—x — 9 X+ 7
3 S+ 7 ¥ 4T
¥-9 0 x+9 SN RIS S
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13. 2x M, (x = 1P = - 327+ B

ol 5 2 X’& T .})ﬁ.} + 2}3.2 X

R S 2 S

Zxt - dx? — 185k 4+ 5 iy — 5
e Gyt I '
fx = 1 br — 1) A E O

5 25 1 30 5 18 7 —6

17. 3 26 18 ~612 14 -20 7

.
75 232 ; -12 —12 192

52

fu

[
|

5025 74 248 2 2032019y

Gt A T - x b 28 )

9 ~i18 ~16 32 20. -2 |

Gxt - 18y — 16x -+ 32

,,«
b

21 -8 |

23 -4 s -23 s 243 3 ~4 0 s
| -2 =7 S | I S

. 3 ]

4 e A IS k! 44

4 i4 3G } 3 L : i

& Houghlon Mitlin Company. All rights reserved.
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& Houghton Mifilin Company. All rights reserved.

"
2. v, = p o ] A D
= x + 3

e~ 1ix + 33+ 2

¥4 3

(® = B)? + 5y + 39

T
R |

- Bx¥ o 8y 40 4 30

29, fly) =~ — x4 11, k=4 . fle) = 1500+ 100~ 667 14 ko o]
215 W —¢ 6 4

_ i
4 2 -8 10 g5 a4 -

.30 3 R Sy 3 -3 [;
/ ;
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Boi-J3 4 - 6 -2 -4
4-4/7 1W0-2J3 4
i
4 ~2-4/3 =~2-2/3 0
F =l — 1+ 3a2 - 2+ a3~ (2 + 23]
Ar=3) =0
34. 2+ JI| -3 8 0~
g -6~ 3/2 ~2-4/2 8
—3 2-3/2 -4 0
Fly =t~ {2+ SO =32 + {2 - 3/5)x + 8 ~ 4./}
fz+ JI=0
35, ey = 20— Tx 4+ 3
@12 0o -7 3 by -2 12 0 =7 3
g 2z 2 -5 g -4 & =2
22 -5 -2 =gl 7 —4 1 o= f(-2)
eyrs |2 0 =7 3 Wz 06 -7 3
; Lo 4 8 2
E 2 4
. 2 4 L5 =2
2 1 -8 - =Y e
36 gloy = 20 + 3t -t 3
@22 o0 3 6 -1 0 3
4 8 27 44 8 172
24 i1 22 43 %6 175 =gl
eyt L2 0 ¢ -1 603
7 02 5 5 4 4
702 5 5 4 4 7 =gl
ey3 |z 603 0 i ¢ 3
6 1% 63 189 564 1692
76 21 63 1B 564 1695 = g(3)
dy -1 (2 6 3 o -1 0 3
; -2 2 -5 5 -4 4
2 -2 5 =5 4 =4 7 =gl—1
W7, Rxy o= xt = Sy - Tx 4 4
@3l 1 -5 =7 4 ®2p1 -5 =7 4
i 3 -6 =39 i I -6 —28
P 2 —13 0 =35 = k{3 1 -3 =13 =22 = a2
€ =211 =5 =1 4 @ -5 =35 =7 4
| -2 14 -4 | ~5 50 =215
j 7T =10 = A7) I =10 43 =211 = RS

@ Houghton Mitllin Company. All rights reserved.
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41,

4 =12 -5 =5 15 1) 4 =24 55 1100 240 = f(-2)
© 514 & 7 0 () 0 20

Tk e
ey
Lt G

28

27138

Ao
Y

56,700

56,726

o8 -7 06 4, —4 | 1 0 ~2§ -48

vt Tk o (o DMt e 2y - F) £f - 28y — 48 = (x + dix? o dx - 12

Fevow 2, 301

O I T S SR 1 g il oas -s0 41 -6
i 7 10 i w3 4

¢+ 20)

{ay —2 ] 2 J -3 4. (ay 3 2 g &

2 -4 i i} ER—— 7 " 0
...... 0 (b Ax Tx 2 Py - 7Y

SRR 4 0 Remaining factors: (3x — 1), (r -~ 2)
Bomaining factors: (Zx - Remaming factors: (3x Lot <

N o s feY Fi oy om [y e MWy e B e F)
(o) flxy = (x + W2~ Dl ~ 1 () flay = Lo = 3 = il - 2

- o (dy Real zeros — 3, 42
idy Real zerost — 2,4, | <) Real zero e

fed {& } 30

2V ; o

STLLLEECE W NTEEIRAT S Y £ L R T YR

Surasgy RRaT L

b
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48 (ay 51 P -4 15 38 —40

5 5 —50 40
i Poo-10 8 O

-4{1 1 -1 8
~4 12 -8

it -3 2 o

46. (xy —2 18 —14 -71 ~10 4

=16 60 22 -3

§ -3 -1 iz £
448 —-30 -1 iz
E 32 & ~12

47. @y -+l 6 41 -9 -4

-3 19 14

f g I8 G
(b 6 4 38e - 28 = (3x - DH2x + 14)
Remaining factors: (3x — 21 (x + 7}
ey fley = (Zx + 13 — 2)ix + T}

(e Real zeros — i % - F

,
[\

49, flay =5+ 3t -0 - 3

p = factor of —3

g = facior ot |

Pogsible rational reros: 1,43

flay = 2o+ 3) — e+ 3 = + 37~

Rattonal zevos: +1, — 3

)y 22— I+ 2=(xr— 2~ 1)
Remaining factors: (x — 20, (x — 1)

() floy = o — 5)x + 4)(x — 2§x — 1)

(s Real zeros: 5, —4, 2.1

(2} 20

? i -

N

G0
(by Bx2 4+ 2x — 3 = {dx + 3H2x — 1}
Femaining factors: (4x + 3}, (Z2x — 1}
ey Flx) = Lo+ 230 ~ 4Mdx + 3H2x — 1}
(d} Real zeros: —2, 4, gﬁi‘
fe} &
& i %”\2 f &
Ay,
T
g @it -1 -1 3
!.
g t o -5

2 g -1 &
(b 2x? — 10 = 2x — /5 + S5}

oo % : =Y
Remaining [actory: x— 3 le+ 5]

@y fl = (2x — e+ Bl = J5)
{dy Real zeros: ; + /5

(e} b

G flxy = 2 — 42 — 4x 4+ 16
p = factor of 16
g = factor of |
Possible rational zeros: 21, &7, 4,48, +16
Floy = xMx — 41 — 4l — 4) = (x — A)x? - 4

Rational zeros: 4, 22

& Houghton Miffiin Company. All rghts reserved.
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51, f{,ﬁf} = Dt~ 170

LAy
fad

57,

+ 357 & Gy -~ 45

g = factor of 2

Possible rational zeros; =1,

+3, 45, 09, 15, +45,

B flxy = 4x™ — B~ 523 + ¥ b x 2

factor of — 7

i

2

g = facior of 4

Pasgible mattonal zeros: 22, 11, &
Using ssyﬁi?za{éc division, — 1, | and

Fle = P 23 2x -~

Rational zeros: =1, ‘:.%:%? 2

Rational zevos: — 1, 3, 5. %
e —d =0
Possible rational zeros: £1, 22, 24
----- S R T B B i1 =2 2 -4

[ - P2 -2 4 | 2 0 4

E :

i -2 2 4 £ H & 2 {3

Eallr s S SR R B L T o e S
The only real zevos are — 1 and 2. You can verify this by graphing the function f(z} = % — 2% ~ 22 — 4

=30 =8

Lising & graphing wislity and synthenc division
‘1 are rational zevos. Hence,

rw Gandy = -~
(x ~ 6} + U2 + 17 = O == £ = ~5. 6.
of ot e B Sxt - 2= 0
R N T P ¥

o

The real peros are — 2

4xt - 552% = 450 4 36 = 0

Hising & graphing utihty and synthetic division,
k3
-3, 5, —3% are rationa} zeros. Hence,
‘:\{ - *:;}{‘K -+ %}(Z‘{ }{\7? + ‘:5 = )

5. 2yt + Ty~ 26y 4+ 23y — 6 = )

Using a graphing utility and synthetic division,

1/2, 1, and — 6 are rational zeros. Henee
(v + @iy~ 12y ~ 1} = 0 = oy o= —6, |

o0 -1 2
““““ 2 4 -2
A T

58, 4x® — 4352 - Gx 4 00 = )

U smw a graphing utility and synthetic division,
-, h and 3 are rational zeros, Hence,

{20 + 5¥x + 7}(2!{ -3y - Y= (? s

7 are 18508,

PHZx & 1)
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B8, 4x® 4 3dxt — it - 4200+ T+ 30 =0 68 4x° -+ Sxt - 150 — 2 4+ Tix + 5= 0
Using a graphing utility and synthetic divigion, I, Using a graphing i;@ii? and synthetic division, 1,
—1, —2, 3, and —7 are rational zeros. Hence, 1, —1, %, and -3 are rational zeros. Hence,
(x = 1}z + Dix + 202 — H2x + 5) = 0= G = Dtx + 120 = 3)(2x + 5) = 0=
) 3 ) 3 &
x=1,~1,-2,4 -1 i1, -1, - 1,4 -5

BL B =15~ 2% = Tt + 2 62, fls} = & — 1257 + 40s — 24
(8} Zeros: — 2, 3732, 0268 (a) Zeros: &, 5236, 0.764
by ~2] 1 -2 -7 2 my 6] 1 —12 40 —24

L -2 § -2 t= —1isazerc | 6 —36 24
P-4 ! y P -6 4 4
(e Rty = {r + 2HF — 4¢ + 1) flsh = (s — 8}s* —~ 65 + 4}

=+ 2~ (V3 + 2l + (V3 - 2] = g5 = 6fs =3~ SSYs -3+ 3)

63. hix) = 55 — 76 4 1005 + 14 - 24x 64 p(x) = 6x% — 11x® — 51x? + 99x — 27
(a) hlx) = x(x* — T + 10x? + 14y — 24} (a) x= +3.0, 150333
From the calculator we have x = 0,3, 4 and {hy 3 i § it -3t G99 —27
g 21414, | g 2y —90 27
w3t -7 10 14 -4 6 7 -3 9 0
; L 24 ~3 1 & 7 -3 G
P-4 -2 8 { ~ 18 33 -4
4 11 -4 =7 g & —it 3 {
E 4 g -8 : : ) ‘ .
! M plx) = (x — 3x + 3U6x? — 1y + 3}

e
ey
e

-2 0

. ) . . . = (= 3x + 33 - M2z~ 3
(cy ey = xle — 3Hx — 44" — 7}

= il — 3)x = A~ SIHx + VI

The exact roots are ¥ = 03, 3, 4, .2

65, Fla) = 2x* ~ 2 - 607 - x4+ 3 66, flxt = 3t + 505 — 62+ By — 3
4 varigtions in sign => 4, 2 or  posiive real zeros 3 sign changes == 3 or | positive zeros
flexj =2 + 2+ 6P+ x4+ 5 Flox) = 3x% — S¢F — BxF - 8x — 3
O variations in sign =3 0 negalive real 7e1os i sign change =2 | negative zero

67. glxy = 4x% ~ 52+ § 68, glx) = 2% — 4x2 ~ §

2 variations ip sign == 2 or ( positive real zeros b sign change = 1 positive zero
gl=x) = ~4x® + 55+ § gl—x) = ~2x" — 4x* ~ 5

tovariation in sign == | negative real zero Mo sign change == no negative zeros

© Houghton Miffliin Company. All rights reserved.
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Heal Zerog of Polveomial Funciions

i

b opositive rosk

{ay fixt has 1 variation in sign =
reres,

<4y o & has 7 ouanistions
!

gative real zeros,

I positive

Flgh e 2% = 1357 - 2087 - Ox 4 8 has 1
[ negative real zero,

e . i A w
(b Possible rational zeros: s, &1, 23, 24, &8

kS

ol

5 2 oor U positive

- BXxt e fig b b has

= | nopat

{cy 4

(i) Real reros 1.7

0, (a) fla} = - 300+

¥ sign changes

fl=x) =

T CRARges

Z positive zeros

(dy Fevos, -2,
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78, flxy = &t - 4x? o+ 1S T6. flx} = 2x% — 3% - 12y + 8
4t -4 0 O 15 412 -3 -1z g
| 4 0 00 820 32
! 4 0 0 15 2 3 8 40
4 18 an upper hound. 4 1s an vpper bound.
-t ]t -4 0 g 15 =3 } 2 -3 -2 8
-1 5 -5 5 | -6 37 —45
T-5 5 =5 20 2 -9 15 -39
— i is a lower bound. — 3 is a lower bound,
Real zeros: 1.9%7, 3705 Real reros: — 2,152, 0611, 3.041
T, flx) = x* — 4x® + 16z — 16 T8 flg = 2xt - Bx 4]
511 —4 O 16 ~16 3t 4600 -8 3
| 35105 525 2708 |6 18 54 138
5 2% 108 541 2689 Z6 18 48 14
5 s an upper bound. 3 is an upper bound.
-341 —4 0 16 —16 ~402 0 6 -8 3
§ -3 21 ~63  14i | -8 32 128 544
o2t —47 0 125 2 -8 3 —136 547
-3 is & lower bound. -4 is a lower bound,
Real zeros: —2, 2 Real zeros: 11,380, 1,438
T4, Plx) = xt - 2t 4 9 80, F(x} = H2x* — 32 — 23x + 12
= Haxt — 2522 + 36) Possible rational zeros: +1,+2, 43, 44, +6, 712, 25, %
= H{ae? — 9t~ 4] 412 -3 - %32

; 8§ 20 —12
205 -3 0

Flx} = Hx — 4H2x? + 5x — 3)

s %{Js: — 44Ty — THx + 3}

w= 0 + 3D~ 3x + THx — 2}

The rational zeros are 23 and =2

) 5 ]
Rational zeros: — 3,3, 4

81, fy =2 ~ L2 — x4+ 1 82. F(z) = M63 + 1127 — 32~ 2)
= Ii“”” = xt - Ao+ Possible rationsf zeros: =1, £2, i:"%, i%, ir% ﬁ%
= {rx — 1) - Hax - 1] ~21 6 11 =3 -2
= e - 1R - 1) -12 2 2

= Hax ~ Dx+ D - 1) 6 -1 -1 0

{:c} e l{~ & 2)(622 B E}
The rational zeros are T and = 1. f ? .4 A
= g{: + f}(fﬂz + 1 - E}

: i
Rational zeros: — 2, —%.%

T e

4 Houghton Mifflin Company. All rights reserved,
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Section 2.3

Real Zeros of Polynomial Funerions

83

85, flx) = 2 ~

87

89.

Flaj = 1% — 1

Pix? 4+ x + 1)
Rational zevos: 1 {x = 1)
Irrational zeros: 0

Matches {4}

x=xle + iHx — 1)
Rational zerog: 3 {x = 0, +17
Irrational zeros: O

Maiches (b}

yo= 2t — G + 5x% 4+ 3x 1

Using the graph and synthetic division, — 1/7 is
& T

t2  —-9 3 3 -1

|
-

]
i
]
st

2 -1 W0 -2 0
vo= L+ 5H2xt - 1067 + 100 - 2)

vo= {20k L - e — 4+ 5

For the quadratic ferm, use the Quadratic Formula.

4+ J16 -4
- W,,,,m,ﬁ:iﬂfﬁf# =2+ /3

. .
The real zevos we —35, 1, 2 & V3

v —2xt + (7% = 3x? - 25x - 3

Using the graph and synthetie divigion, ~ | and 3/2

arg Zeros:

—fr + M2 — 3 - B - 1}

"}7 =
sing the Quadratic Formula:

v e ~
y = B o4t 4+ .17

2
1.3/2,4 = J17.

The real zeros are —

84,

&4,

. flx)

foy= -2

s e - Y32+ 0+ VA
Rational reros;
Trrational zeros: 1, (x = ¥/7)

Matches (a).

X o Ix
= yix? - 7}

= _IS{JC + V@'}{x - \/’5}

i

Rational zevos: 1, {x = ()
Irrationsl zeros: 2, (.x’. & t\/i/:}

Matches (2.

yom= x*t — 53— Tx? - 135 - 2

Lising the graph and synthetic division, 1 and —2
AEE FETOS:

yo={x — IHx 4+ 2x? - Bx b 1)
Eising the Ouadratic Formula:

X = 5

The yeal zerosare 1, — 2, 3 & 2o

y= —xt+ 558~ J0x — 4

Using the graph and synthetic division, 2 and — |
are ZEres:

yo= (= D+ Dix? - dx — 2}

Using the Cuadratic Formula:

The real zerog are 2, -1, 2 # J6.

123
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9%, (a)
(b}

{c]

{d;

(b}

94, y =

{aj

(e}

(e

e

s Combined length and widthe (o

Piry = QU058 -+ 05000 + 138 + 4.6

9{:
.
v

The model fits the data well

For 2016, 7 = 21 and:

0.0058

1 1.38

136574
144378

46
303.1938

3077934

4.5

|
% 0.1218

00038 06218

Hence, the populaiion will be shouy 7.8
myition, which seems reasonsble.

v

Ay by o= 120 = v = 120 — 4x

Volume = [« w < = ¢’y

= 21260 — 4x) :

e éxlf\:“?(} e i") i

LO= 02328 - 211 - 261 88 4+ 3690

5699 mines.
For 1990, ¢ = 10 and:

10 0237 ~211 <2618 5639
| 2.32 21 2597

021 —3597

B10E pnes m P9

0.232

(o Answers will vary,

3,500 = 4030 — x)

4yt — 12007 + 13500 = O
xF o A0xT 4+ 3375 = 0

- 3 i

i

THA00

/ /‘/«\\(}s

/
o !
A \
%
4
Y o AT | B9

Dimensions with maximum volume:
T 260 40

=508 - 3857y — 3R4112E 13 <2

1A
i

(x = 15)x% — |

Using the Quadraiic Formela, = 15 or ————

The valoe of ~—————— i3 not possible because it is negative.

(b} The second air-fue! ratio of 16.8% can be obtained
by finding the second pomnt where the curves v and
vy = 2400 intersect.

Solve -~ 3.0%0% -+ 3857x ~ 38,4115 = 2400 or —35.055% + 3857y — 4081125 = G

By synthetic division:

5 — 3505 0 3857 ~40,811.25

2
~ 7575 — 113625 4081125

- 505 ~ 7575 272075 0

The postitve zero of the guadratic — 505 ~ 75.75x

757 = 4 - 5.0803726.75)

7575 — S~ T5

- 5.65)

+ 73075 can be found using the Quadratic Formuala,

& Houghton Mifflin Company. Al rights reservad.
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Secrion 2.3 Real Zeros of Polynomial Frenctions 128
98, False, m%fsazem of f. 6. % 6 1 —92 45 184 4 —4f
3 2 =45 g 92 4%
6 4 —hG & 184 96 4
True
%7. The zeros are 1, |, and 2. The graph falls o 48, The zerosare 1, — 1, and ~ 2. The graph rises (o
the right. the right.
v ogly - 1¥x -+ 27 o< O vl — Ve b e+ 2ha =0
Since FIO} = —4, 4= -7, Since fl0} = —4, g = 7
y= -2y — 1Px +2) = ~2x7 4+ b~ 4 vo= MUx — x4 e b By Zxt b dx? e Zxo 4
89, Flxt = —(x 4+ I — e+ 25— 2] W, Flx) = 260+ 2¥x — D~ 0)
195 4 | ¢ -k 2k -8 192, Use synthetic division:
s 4 16—~ 4k o4 - Bk 379 — o 37

103, {a)

145,

147,

o4 -k 16— 2k 56— Bk

H@ﬂ(;’@‘., 56 - &f‘i = (} frecne k e '?

(a Cenlt S £ ]
e e 2 , X ok
) =1
K
(b}i = e+l xFd
X i
Coxt =1 5 . )
£ *mw? meop byt b oy bl x F
In general.
- ] -
MXMM.M: ¥t i 4ognd oy L
x 1

Gy - 25 = {}
(3x + 5H3x = 5} = C

2+ A+ 3 =0

=6 NS
) %)

~6+./12

- mieyd
IR I B
FETRT T T T

Sipce the remainder 15 — 3 should be 0.k = 5.

104, You can check polynomial divist

on by multiplving

the guotient by the divisor and adding the

remainder, This should yvield the

original dividend

if the multiplication was performed correctly,

166, 1657 ~

2 2L
R
4

08, 27— 220+ 15=10
(4 — 5)2x ~ 3) = 0

[N RV

5
X
4
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169,

i

Flap e {0~ O + 127 = 2% 4+ 10y

{Answer not unigue!

ith

section 2.4

Fley = {x— DMx o+ 1) = Zix — 3)
ERTLIE S Sl S U0}
= xt - At b A - 10k

[Answer not unigue]

Complex Numbers

== ‘j;::‘ ’ig, + 1

{Answer not uniguel]

Operations on complex mamnbers

{2y Addition: {o + b 3+ o+ d0 =g+ oy + b+ dY

The complex conjugate of g + bisa — b

i 3
2 e léf}..m.

{a + biva — bi} =
The additive fnverse of g o+ s - B

The rmohiphicative fverse of o - b1 s

B You should know how to work with comnplex numbers,

o (B — A

ac + bd

o7

-

- - /’;

. be — e‘!c“f‘,

&

Vocabulary Check

1.
4.

fay i (hy B (oy i

real, imaginary

3 complex, o + M

NI TR S ¥ Z.oa

2

Mifflin Company. All nghts reserved.
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Secrion 2.4

Complex Nwmnbers

127

b= 5 = 5 + 4 =2 3
b 3
a+ 6=
a=0
7. 6= 6+ D B8 =8+ 0 9, —5i+ =5~ 1=~1~5
10, -3 4= —3—1) i 1 (V575 = =75 12 (4 - 7= -4-7
— 3+ = =11
13, V000 = JO06/ = 0.3 14, /00004 = 0.02
18 (4 i)~ {7~ 2 = (4~ T+ (1 2) 16, (11 = 20 — (=3 + 6} = {11 + 3) + {~2 — &)
= 3 4 3 = 14 ~ 8§
17 {1+ /78 + {8 — J/TE0) = 7+ 22 ~ 52 = 7~ 3.3
18 (7 + I8 + 3+ VT =143 /30 B+ 4T = 7+ 3 + 33+ 4T 0 = 10 + 1/
19, 13i — (14 — 7)) = 13i — 14 + 7i = — 14 + 20i
20, 22 4 (—5 B - 10i= (22 — 8 8 - 10} = 17 ~ 2
3,54 5 11 30008\ /5 By, 3TN {5 {3 5% ({7 iy,

Lis+ 2} £l2+ —il=|z4+2) 4+ 2 +-=} T 1 e Bt I A
i (z 2t/ (% ) (_2 378G 2 (\@ 5176 s )= 6) (% 6/

L9410 5% 147,

T s 5 iz 30

1

6 6
23, (1.6 + 320 + (~58 + 43 = 42 + 75
N —— e 49
24, —(—37 — 1280 — (6.1 — J=245) = 37 + 128 — 6.1 + szwz
5
= 24+ (12 8 + -Zl“_:>z‘
\ 2
m — 24 4 17750
3. JT6 - o2 = (VBN VA 26. J55 - 210 = {50104
= ViZir= 2J3)(-1) = =2./3 = V300 = 52~ 1) = —5./2

27. (JZ16Y = (V1061 = 102 = - 10 28 (/TT5Y = [JT57 = 752 = 75

Ao+ 6+ ThE = 6~ 5

5.5+ V/716=5+ JECD 62~
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2,(1 + M3 - 20 =3 - v 3 - IF
=3+7+ 1

=54

35, 4R 4 5i = 324 208

= 3 4 200 1}

IR RN Y

M6 - 252 - 3y = 12~ 18 4 b 6

32 306 — i) = 180 = 3 = -3~ 18]

+ JIBiVTE - JIDi) = 14 - 108 = 14 + 10 = 24

JToi)

= 21 - 3100 + TS5 — 50T

= 01 4 JSED - TS - 3

= (214 53]+ (775 - 3/T0 )

38, (4 4+ 507~ {4 - 5% = [ 0 5+ (4 - SHT(E + 50 — (4~ S} = 8100 = 804

36 (1= 2P = (1 +2iP =1~

4+ 4% — (1 + 40 + &7

4T - - 4 - 42

H
i

&
L

=y

37 4 — 3 is the complex conjpgate of 4 + 3L

(4 + 30}(4 — 3y = 16 + 9 = 25

30, & b 8 i the complex conipeste of — 6 —
I’ 1

p—

43, ~ /204 is the complex conjugate of ./ —20 = S

"4 5 4-—5 4+ Si

445 B+ 10P 8

38, The conjugate of 7~ 571 7 -+ 54

(7~ ST+ 5 = 49 + 25 = 74

;

= . e g fe i
T 4. The conjugate of ~ 3+ JIiw 3 - VUL

i o ”,Efjig ..... 3 - Jﬁi} S BT IR B

e
o2
hded

+

.
ot

i
s
R e
Ll

N
ke

=
Lt

-

€ Houghton Mifllin Company. All rights reserved.
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Section 2.4

Complex Numbers

119

87. —6° + 7= 6% + 7 = -

16 — 25 - 40§

i =G + 44

T 9 —a0i -9 + 400
I s

81 + 407

~40 9

ey

1681 16%1

STy
P

i 1
53

2i 3+ RiTF 6 447

(3 ~ 203 + &)

TS I8+ 16

oA 25— 18
25+ 18 25— 18

_ MO0 + 72+ 2250 + 162

257 4 18t
62 + 297i
G49
62 297 .

88 47 - 2% = —4 + 2§

B 160~ 7 — 14

Sl S
SO

52,

—25i 4 60

75 + 144

512

54, S

= w1+ 6

o Lo
TP s

H 3
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63, (1) = &
{ .

;

The three pumbers are cube rooty of &

64, (a) 2% = 16

Cop e V3 = (= 1%+ 301 V3 + 3= 1)

(i L

oy (Y = 2N = it} e 16 (dy (=20 = (O = 16(1) = 16
65. 4 + 3 66. —1 - i 67. 5i
68, -3 &9 2 T A
TE T o+ 2 733
T!E}'{S_{;E.l;ky”_»'
L
Hea & :
axis
. feal
P e s
" N
74, - 5i 75. 1 6. 6
. Faal .
3 vy R i P8
ik

77.

13 107967

The complex number 32, is in the Mandelbrot Set since for ¢ = 3t the corresponding Mandelbrot sequence i3

1957 864513055 46037845

e e =

[P
32 65,536
which is bounded. Or tn decimal Torm

0.5, 025 -+ D5, ~ G 1ETS + 0250 002734

:
.....

20667 4294967296 134217708

+ (LA06251, - 064291 + Q477783 ~ G IOT2E5 + 0343009,

& Houghton Miffiin Company. All rights reserved.
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Section 2.4 Campler Numbers

i3

SR, 6.z, =5+ 1

2 =6 A Y

G4 2= 38 P
. ‘ . 3 -
387 + 7 = 1445 = ;
Tada® & 7 = J.050,918
4.4 w PO
Mot bounded. ¢ = 7 is not in the Mandelbrot Set

gé}a o 1{% i ’}

¥
i

= 24—
i ! i i

s -

T T T e e T a0 =10

20— 100 + (9 + 16
(9 + 16020 — 104)

344G 4+ 23040

340 + 2306/ 29 ~ 6i% 11240 + 4630¢ :
o e e |2 - ~ 12816 + 5279
79 6L 29 - 6 R77 1AL ST

81, False A real number ¢ + 00 = g s equal W0 15 conjugate,

82, False [+ 1% o T4 109 4 8T o ] e b ] k=

%3. False. For example, {1 + 275 =+ {1 — 24} = 2, which is not an imaginary number

= aym, — by o+ laby v by
s (g e — bbb o Lok, 5 b i

= (g, = Bifa. = bai)

= 4 }7!!( e + h,’,;

= T w =
wed AT '3
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87. (4x — 5¥(4x + 5} = 16x% — 200 + 200 ~ 25 88, (x + 20 = 2% + 3022 + 32 + 2
= 1657 = 25 e i+ Gx? + 12k 4+ 8

89, (3x — $Hx + 4y = 302~ fu 4 120~ 2 90, (2x — 57 = 427 — 20x + 25
5 23
— x'x:ﬂ bo :SX 2

Section 2.5  The Fundamental Theorem of Algebra

B You should know that if £ is a polvoomisl of degree n > 0, then J has at least one zero in the complex
number system. (Fundamental Theorem of Algebra)

B  Vou should know that if o + B¢ a complex zero of 2 polynomial /. with real coefficients, ther a — bi is
also g comples zero of £

8 You should know the difference boetween a facior that is irreducible over the rationals {such as ©* — 7} and
a factor that is reducible over the reals (such as x* + G)

Yocabulary Check

i. Fundamental Theorem, Algebra 2. Linear Factorizasion Theorem
3. wreducible, reals 4, complex conjugate

[T I S 2oogly = &~ 2x + 4P

The three zeros are v o= Gh o= GJand x = 3, Zeros: 2, 4, 4, 4

3 fl) = (o o+ 9 + 40 - 4i) & i) = (2~ 3 — 2} - 30 + 3}

Loros: — 9, df The four zeros are r = 32, 3, ~ 34

B flxy=x —4xt + x — 4= gy — 4} + M — 4} = {p — 47 + 1)
leros 4ok

The only real zero of flx} is x = 4 This corresponds to the r-intercept of {4, O on the graph,

B, flxy = x4yt - dx 4 16
My - 4] -y 4)

==y o+ 2Hx - 2Hx 4}

The zeros are v = 2, — 2, and 4. This corresponds to the x-intercepts of {— 2,00, (2, 0}, and (4, 0} on the graph,

T flxy =gt b A0+ 4 =0+ 2P
- e . N
Feros: £ 2 22

Fix} has no real zeros and the graph of fix) has so x-intercepts.

@ Houghton Miffiin Company, A righls reserved.
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Section 2.5

The Fundomenial Theorem of Algebra

133

8. flx) = x* — 3% — 4
- - A )
== {Y e 2}(_{ e 2}{X3 e E}

Feros: £7, 4

The only real zeros are x = 2, 2. This corresponds w the x-intercepts of {2, 03 and (2, 0 on the graph.

8, Byt =t —dx

# has no rational zeros. By the Quadratic Pormula,

thes 7er0s are

L flxy = 2t - 12+ 26

F has no rational zeros. By the Quadratic Formulda,

the reros are

B}

= {4yt~ GM4xT + G

= {2y — 32x + 3{2x + 320 - 3

3,

feros: 5

12 Flx = 1 B - 2

f has no rational zeros. By the Quadratic Pormuia,

the reros are

s JETIST

. = -3 JIT

14, fly) = 0+ 38

16. iy} = 81" — 625

¥

= (9 + 25O - 25}
= (3y + 5033y ~ 503y + 5)(3y -~

i’ A
Leros) 45, 2%

8. Alx) = 25— dx o

’\Jl{
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18,

21

25,

Fxp=x"+ 1+ 5
< (x4 X2 - 9)
= Ly 4 (Hr — iHx 4+ 3Mx ~ 3

i

The zeros of flxl are v = &) and x = +3i

f(kf = 3yF — Zy? b 48y — 80

Using synthetic division, ¥ i3 & zero

13 -5 48 -s0
| 5 0 8

3 0 48 0
Fl = (x = 3357 + 48)

= (Gx — 5i{x? + 16}

= {3r — Six + 4il{x — 46

. 3o ;
Phe zeros are 5, 44, —4i.

DA =R - 3R - 15+ 125

Possible rational zeros: &1, 35, +£25 £123

b1o-3 0 15 125
g -5 40 ~125

Po-% 25 g

By the Quadratic Formaula, the zeros of
r? - B 35 are

LR+ /64 100 ]
o= ﬂ*#“ G R

The zeros of flrtwre s = —Sandr = 4 + 31
floy == (=50 = 4+ 300~ (4 - 3]
=+ SHr— 4 — 30— 4+ 3

Flxy = 88 — O + 28x + 6
%

s

. . _ B k
Possibie rational zeros: =6, i:jj,: R T Sl M ol o S

5

LA

-t15 -9 28 6
-1 2 -6

5 -1 30 £

Z6.

2L

24,

Flay = x% + 2927 + 100
= {x? 4+ 25)x? + 4)
Feros x o= R2§ 5

Flay = {x + 2ix — 285{x + Six — 50

Flry = 3% — 227+ 78x — 50

. . PN 3oL
Using synthetic division, § 18 & zero!

23 -2 75 -30
§ 20 50
50 75 0

Fay = e = 33 + 73

= {3y — 3T + 25)
= {3x — Z¥x + 5% — i)

. 2 . .
The zeros are 3, 50, ~ 51

Fley = x? 4 Fix® - 390 4+ 20

-1 E i 1y 3w 29
| —1 ~ 1 —29
i i 29 0’
. —19+ J1&; ) .
Feros: x = -}, e

Flab=(x + iHx + 5+ 2ifx + 5 — 2}

By the Quadratic Formaula, the zeros of 5¢° — 10x + 3 are those of 8 — Zx + &

2

!
Zeros: - o bS5

£ = 5{x 2l = (1 VBl = (1= VBil = e+ e 1 - VBl

#
<\
el

© Hougitton Miffiin Company. Al rights raserved.
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Section 1.5 The Fundamental Theorem of Algebra 138

I

26, fls) = 38 — 4s* + By + 8 27, glep = 2t - 4+ Byt 16 4 16
w (G 4+ 5% — Je 4+ 4 Possible rational zeros: =1, £2, 24, #8416

Factoring the guadratic, 20

Pl
e
)
f S

[
]
>

Leros, — 3 P+ /%

TR > B Wi . P S
Flsp o= {3s + 2Hs — 1 + «J3i}{lﬂ‘ -1 = 3
The zevos of goare 2, 2. and 220

28, Alxh = ot 4 Gt LOxt 4+ Gy B 29, (a) flo) = xF — Jdx + 46,

. 1 & 10 4 g By the Quadratic Formula,

& N ,”_. e -
3 6o The reros are 7+ /3 and 7 — /3

I P

. o 1 0 by iy =[x ~ {7+ 3z - (7 - 3]

Leros: x = — 3 & = 1 P Nﬁ}{ R W‘z}

e
S
.

€3

o
o
s
e
£
]
L
]

e
o
fatd
~d
Ag
£
ik
]
o
fand
it
b
-

]

£

At = (x4 33x o+ Dy~ 8

@

bt

ey Flep s 220 - 32t B - B

Lo
w2
i
R
Ty,
P
S
Lo
"
2
)
N
o
Lok
ey

The zeros are — =24,

(¢} x-infercepts: {6 + \;’/i €}}{6 - /2, é):i

@ = N
: -~ | / |
’ﬂ% r‘j ‘ , ,:"-E [ ;

5]
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32, (a) Flxy = 2% — 8x% + 18x ~ 45
= (Zx — SHx? + G}
The zeros are i 3

by fled = {Zx — 53 + 30(x — 35)

Lk
Cad
o
i
.
Ty
e
fhan
o~
L
i
f—
B
T
ot
L&
)

The reros are — 6,3 - 4, and 3 - 44
By fley = (63 — 3+ 4~ 3 - 44
{oy x-imtercept: (6, 00

@) 0
e

300

35, cay fixp = 2t 2507 b 144
=y + B+ 16)

The zeros are =37, 4
by flx) = (7 + OHx7 + 16}

(¢} MNo r-mercepts

(it ]

3. flxy = (x - 2 = Bl + §)

MNote that flxy = alx® — 2x7 + x — 2}, where a is
any nonzero real number, has zeros 2, &4

(e} x-intercept: 42 {'}}

{d} 5

34, (@) flx) = 5"+ 1007 4+ 33x + 34
= (5 4+ 2Ha? + Bx 4 17)

Use the Quadratic Formuia to find the zeros of
£k Bx 4+ 17

The zeros are —2, —4 + [, and —4 ~ {.
by fly = {x + 2Mx + & + Hx + 4 ~ 3
{c} x-intercept: {~2,0}

((i} 1%

-85 J W0

}""‘E
{
i

-4

£t - 8 4+ 17— 8x + 16

i

36, {ay [l
= (e? 4 PHx? - 8x b 16)
= (xf 4 PHx - &)

The zevos are {, ~ i, 4 and 4.
(hy flx) = {22+ 1Hx — 477

{c) x-intercept: {4, 0}

(i) o

38, Floy e (e~ 3Mx — 4ix + 44
= (x - 3z + 16)
= x% — 3x% 4 16y — 48

Note that fix) = afx® — Jx? + 16x — 48), where a
is any ponzero real number, has zeros 3, £44

@ Houghton Mifflin Company. All rights reserved.
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3. fln =

by — TPy — 4~ iy — 4+ §)
= (x — 2Px —
{).,z
= gt - 1227 4 53xt — 100k - 68

S + 16 F 1)

— gy b 4)x? - Bx + 17}

Mote that f{x) = alrt — 1267 + 5347 — 100x + 68),
where @ 1s any nonzero real number, has reros 2, 2,
44

41, Because | + J2isazero sols b — J24

Fleb = (r— Ofx + Shx — 1~ . Sy — 1+ S
m{x? b Byt - T b LR 23

w {xd b Sy gl

Waote that fix} = afx® + 327~ Tx? +
any nonzero real menber, has zeros 0, -5, 1 &

‘?x} where a is
V2.

= alx — Dix + 2)x? + 4
= 13 e rz{*’?},;{) “m} cny g e ]

—lx = D + D - 28z + 24)

= glx -+ 1H — 2Mx ~ x4+ 0

= b ¥ - ZHr = iHx b )

iy Fle) = —2x? - w2 4 1)

86, (a) £l = alx + Dz ~ 2~ 2/30x ~ 2 +

= by + 2?4+ 4+ 8}
a{lfi7 =0 = —2

SN P N

Q)= 34 =

- —20x + 2)x - 2

T
b
-
:
i

2)x + 24) &) f

48, Because 2 b 538 & zero, 508 2 — 54

Flay = (x + 2 = 5Mx — 2+ 5i)

= {x + 1Px% — dx + 4 + 25)

= (2 4 2 b D — 4x 4 29)

ot = Dx? b Z2x 4+ S4x o+ 29

Mote that f(x} = alx® — 2x% + 22x7 + 54x -+ 29),
where ¢ 18 any nonpzero real number. has zeros — |,
-1, 2w 5

e . . e
42, Because !+ Vs arero sois b2 2L

Flxy = (x = O¥x = a¥x ~ 1~ JEiHx ~ 1+ )

= (- dxyxt — 2x + 14+ 1)

Mote thar Fler = alx® — 627 + 1137 — 1210,
where 2 1% any nonzero real number, has zerog O, 4,
xS

1 2+ 4)

=y oy 2T 4 4
eyt D y? Ay 8

45, (ay fix
PHx® — dx + 4+ 5}

e ;}{%3 — dy {—?}

Vo A7 e JI 3}[4 4 H (}f'ﬂ':fkam -

ﬁ?} j(}j} D e :.}{,X, - }}E,i’: ’71 + 9}

o Dt b Gt~ 1 - R

(b) flxy = —2x + 2?4z + 12}

= — 26 o 4 - B — 48
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47, Flx) = x* ~ 62 — 7 48, flx) = x* + 6x7 - 27

(ay flay = (%~ T)a? + 1) fay Flx) = (2 + 93xt - 3

(B fx) = (x = /Tix + ST+ 1) by fle) = (2 + 9 + 3Mx — 3

) flzy = {x - J?}{x + \/&}}{x + i¥x — i) (©) fled = (x + 30(x — 3% + \/7’3}& vﬂ‘i}
4%, flx) =x — 20 — 3% 4+ 12x — 18

26,

51

L

(a} flay = {x* — 6}{x* — 2y + 3}

by flx) = (x + JB{x — JEI(:? ~ 26 + %)

() fl) = {x + JBJlx — VBjlx — 1~ V2ife ~ 1 + /3
Flep = xb — 3 = 2% = 120 - 20

(@} fle) = (2% + 4}{x? = 3x = 5)

3+ JE@*X 3 - Ji@)
Ko

) flx) = {

1
W
L)
e
.
i
T
24

2 2

L 34+ /25 3 - /26

() fix) = (x + T — 25}(}5 - ——“-—1/—— x W"‘“"w\”/wm
L 2 2
Flay = 205+ 37 4+ S0x + 75 Alternate Solution
Since 5718 a zevo, o is — 5 Since x = +5{ are zeros of flx), {4+ 30 ~ 5i) =
3 i 5 5 56 75 x 5 is a factor of flx}. By long division we have
| e =50+ 15 —75 dx 4 3
T 15 9 x4+ 0+ 25) 20 + 32 + 50¢ + 75
I Ot 4+ 5

~5i12 3+ i0i 150 2o e S

| —10i — 15

3 3 {} B I
: ; 4]
The mero of 2x + 3isx = —5 The zeros of § . e » .
N - Thus, fle} = {&* + 2512z + 3} and the zeros of f are
are x = —5and x = 25/ r= +Siandx = — 2
Flab=x"+ 2+ 9%+ 9 B3 plxy = ' — 75" — x + 87 Since 5 + 2{ is a zero,
. .. . ) v is 5~ 24
Since 37 is a zero, sois — 3 018 3 !
St :
31 ] g 9 drad . N s 61. :;
3 =943 =9 T LS
: 242 — 156 ¢
11+ ST } 5 o !
— 3 3 i b+ 3 3 §—-2i |t -2+ 1546
3 w3 52 iP5 — 6i
i 1 G i 3 O
The zeros of fare 34, ~ 3/ and — 1, The zernof r + Tigx = — 3%

The zeros of fare —3,5 £ 24

@ Houghton Miffiin Company. All rights reserved,
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54, glx) = 45 + 2327 + 34x — 10
Since —3 4 Jisazere, 5018 3 — L

~3 i 4 23 34 — 10
=124+ 4 —37 - i

4 P14 -4 - &

e B I o TR B
~12 - & G

4 1 g

The zero of 4 ~ Lisx = i Thezerosof gl are r = —3 &/ andx = ﬁ

Alternare Solurion
Since —3 & {are zevos of glx),

e = (=3 4]l = 3 = 0] = [t = 3) = il + 3) + 4]
= (x4 3P - 2= 4 A+ 10
i5 a factor of glx). By long division we have:

4x — |

X b bx b B0 ) 4% b 2320 4+ 3dx ~ 10
4t 4 245 - 40x

—x? - b~ 1

—x2 - 6r— 10

0

Thus, glx} = (% + 6x + 10){dx — Dandthe zerosof gare x = —3 + Jand x = &,

55, hixy = 3x — 4% 4+ Gr b 8 Since | V3iisazero, sois 1+ 3

3 ~4 88
r 3-3/3 -0 -2/3 8

1JY% =2 = 2% 0

N 2 B VAT,
| 3+ 33 2+ 230
3 2 4]

P~ /3

’2
]
ot
|

. . . 2 -
Thezeroof 3x + 2isw = —£ Therzerosof hare xr = —§, 1 & 3

86 Flxp = x7 -+ 4xt 4 ldx + 20
Since — 1 -~ 3i1s 4 rero, sois ~ 1 + 3,

~1 =30 |t 4 4 20
| —1-3% 126 -0

I 33 2~ 6i 1]

—1 4+ 3 l:I 33 2 -6
-1+ 3% -2+

1 2 G

Thezeroof x + 2isxy = ~2. The zevos of fare x = -2, —1 + 3,
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i isazero, sols sl F oo

7. Ay

Y

1% -9
- 15 + 3./5¢ 9

3+ 3.5 o

Ui+ 5 ] s 3+ 35

8 6 0

~

The zero of 28y — 5 o= 3 The veros of fare ¥ =

{ay The root fearwre wields the el rovts | and 2, amd the comples routs 3 0 L4840
(b1 By svathetic division

S S

SRR
3
b
w3

o

The complex roots of ¥2 + 6x = 11 arex =

60. flxt = £ + 4x + Bdx + 20 1. hlx) = 84 ~ 142 + [8x ~ 9

(oY Zevos: 3~ 1+ 3 (2} The root feature vields the real root £.75,
LTS

and the complex roois 0.5 &

1)

e

Y sviithetic division:
; 4 14 30 By svnthetic divisio

|
| -2 -d =20
!

k1

& —i4 18 -9
6 —6 9

i
&

N 0

The complex roois of & — Br + 12 are

& Houghton Miffiin Company. Ml rights reserved.
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&2, Flxy = 250" — 5547 — 54x — 18 &3, — 1685 + 48y =64, 05123
{ay Zeros: 3, ~0.4 & 02828/ — 62 4 4By — 64 =
(b) 3125 =55 -56 —I8 _ T4 ¢ V1792
} 75 &0 i ~32
25 2 6 & Since the roots are imaginary, the ball never will
2 s S reach & height of 64 feet. You can verify this
TEx? 4 20x 4+ 6 has zeros _“m.;:;)__mm;_' graphically by observing that v, = — 1687 + 487
‘ and y; = 64 do aot intersect.
64, No. Setting P = B — = xp — £ = {140 — 00001 — {80x + 130,000) = 5,000,000
yields a quadratic with no real roots.
=0.0001x7 + 60x — 9,150,000 = 0
65. False, a third degree polynomial must have af least 66, True. The complex conjugate of the zero 4 + ¥
one real zero, is also a zero,
67. flxt = x* — 47 + & 68, Answers will vary,

{a} f has two real reros each of multiplicity 2 for
Eo= 4 flx) = b — 4l + 4 o= (37— 2P

{b) f has two real zeros and two complex zeros if

ko<
f{x} = XB - 71 - 8 = (}:2 — Tx + ;“:}f} i 8 e }f" ?G' f(){} Fa—— }:2 A é
- e
vertex: (3. ~ %) =y -1
) = = 9+ B Vertex: {3.2)
Intercepts: (8, 0}, {~ 1. 0], (0. — 8 Flxy = {37 — x = 6} = —lx — 3 + 2
: Intercepts: {3, 0}, {—2, 0}, (0. &)
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i fla) = 6t B - B o= 0 — D2z 4+ 5 i Flxp e dxt b Iy - 42

Intercepts: {"% o, {— ? 0}, (0, —6) = 432 + Ix e IL} ***** 12 ~ 4
Flx) =622 + 5x — 6 , a4 2o 2
= 6{x2 + I + -6 - 2 Vertex: [~1 — %)
Flagp o= {2 — 3H2e + 4
Intercepts: § b (=2, 00,40, — 12)
] :
: I . <

Section 2.6 Rational Functions and Asymptotes

B Youshould know the follpwing basic facts shout rational functions.
& rational fancron.

make the

The doman of » rational function 8 the set of all resl numbers excopt those which

e
7
gy

denominator ¥ero.

{2y A fenction of the form flx) = P/ OG0, Ol # 0, where PUo and 040 are polvoomials, is called
ey

foy WA} = Pley/O0xy s in reduced Torm, and o 15 a valoe such that 2{a} = O, then the lne x = g i85

vertical asyimg apht of £ fle) o0 or fled— —o0 a5 x--s 0
{dy The ine v = b is s horizontal ssymptote of the graph of F i fla) — bas v — oo o1 £ — 00,
o o Py ax" v SR SR (3 i, A -
{e) Lot fle) = o R P - : where Plx) and O heve no common

X Hxy b xX™ + b, 0T A b b by

factors. '

I Hn < om, then the r-axis (v = 0] is 2 honzontal asympiote

2o W o= om, then v o is & horizonial asymptote,

Eed
3. Wa o om. then there are no horzonial asymplotes,

Vocabulary Check

1. rational functions 2. vertical asvmptote A horzonal asymptow

© Houghton Miflin Company. All rights reserved.
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i . 5
1 flx) = e 2. flz) = ——
x - 1 x — 1
{a} Domain all x = 1 {ay Domain: all x # 1
b "y ' b
&) x Flx x Fixd &) x Flx) x Flx
a5 | -2 1.5 2 05 | -5 15 |15
69 L -0 11 10 0.9 | —45 1 [ 55
699 | —100 101 | 100 099 | —495 101 | 505 |
(.599 — 1000 1.001 1006 (3.5999 | —49495 LAOL | 5005
x fto x fix x fl x Flx
5 .25 -5 — (.16 5 625 =3 416
19 0.1 - 10 -0.09% 10 | 5355 —~1 | 434
106y 001 =100 | - 0.0099 100 | 505 ~ 100 | 4.950495
000 | 6001 ~ 1000 | - 0.0009% 1000 | 5.0605 =~ 1006 | 4995
(cy f approaches ~ oo from the left of | and oo {¢} f approaches — oo from the left of 1 and oo
from the night of from the right of 1.
3 flx) = 4 fl) =
e = 1] [ = 1
{2y Domain: all x & 1 (ay Downains all x £ 1
S Flx X fla SN Fixt x Flx
0.5 3 1.5 g 0.5 6 1.5 6
0.9 27 11 33 (0.9 33 1.1 3
.94 297 R4} 303  0.59 | 300 RO | 300
{.999 2997 1061 3003 {1.999 | 3000 1001 | 3000
X flx) x Jx) X fix X fixi
5 375 —5 2.5 N .75 -5 0.5
{0 333 — 10 - 2,727 W 033 -0 0z
100 303 ~100 | ~2.970 00 | 003 —100 | 0.0297 |
o0 | 3003 —~1000 | —2.997 1000 | 0.003 ~ 1000 | 0.003
(¢} f approaches oo from both the left and the right {¢} f approaches oo from both the left and the
of 1. right of 1.
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5. f0) =

(ay Domain: all x % 21

By - : {5 o ]
&) x Fix) X Flxh ) X fix} x Fixd

0.5 =1 L5 5.4 .5 - 2.66 .5 4.8

6.9 —~ 1279 ii £7.29 0.9 —18.95 b1 20195

0.5¢ - 147 8 O 152.3 (.99 - 199 R 26

(.999 ¢ - 1498 1.601 15023 4.999 | — j99G LaGL | 2001

X Sl | X Flx X 7 £9 x Fix)

5 3135 -5 7125 3 -~ {38757 -3 — Q85

16 3.4 -3 303 3 {3,403 - f{ —(3.40)

10 g4 1% - 30 3 A 004 - PRy ] 004
o0 |2 SN ] 1006 | 0.004 — 100 | 0604 |

(cy f approaches — oo from the left of 1) and oo (¢} f approaches ~ oo from the feft of 1, and oo
fromn the right of 1. f approachey oo from the from the right of 1. f approaches — oo from the
fefy of — 1, and — o0 from the aght of ~ L lett of — 1, and oo from the right of — 1

8. fle -

Yerticst ssympiote. v o= 2 ¢ 4 Vertieal asvmptoter x o= 0

"

Horizomtal ssymptoter v = 0 Horizontal asympote: v = § Horizontal asvempiote: v = 4

Matches graph (a), Muaiches graph (d), Matches graph {0

18, flx} = — . flxp =

g

Verucs! asymptote: 1 = O Wertical asymptote: x o= 4 Versica! asympiote: v o= —4
Horizontal asymptoter v = — ] Horieontal asymplote; v = | Hortzonial asympioter vy = -

Watches graph (e} BMatches graph (b Muaiches graph ().

13, flx) = — 14, flx} = -

() Vertcal asvinptoter x = 0 {ay Vertical asymptote: x = 2
Horizoneal asymprote: v = { Honzontal asymptote: v = O

(hy Holes: none {by Holes: none

W T T o i b PR T |

. 12 b ox 2 e {x i} ;
15 flx} = = ,} = B S 1 T : e = - iN
PR Tox fx + 1HZy — 3 Iy 3

fad Wertical asymploter x = 2

Hortzordal asymptote: v =

{a} Verticst asympiote: x = o
(by Hole ar v = 40 (0, 15
Morizontal asympiote: v =

(v Holaat e = — 1

@ Houghton Mitllin Company, All rights reserved.
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‘ x% 25
V5 flx = PR

(x ~ 3Kz -+ 5)
x4+ 5

x=5
T T

{ay Vertical asymptote: x = O
Horizontal asyvmptote: y = §

by Holeatx = ~ 5 {~52)

{a} Domary all real numbers
(b} Vertical asymptote: none

Honzontal asympiote: v = 3
3] :

-1 h—ﬂ—&\’ﬂ 4 it

{2y Domain: all real numbers except x = 0
{b}y Vertcal asymptote; x = 0

Horizontal asympiote:

y = 1 {to the left)

{c) 4

= P P

Y

18, flx) =

22

—(5x% -+ 1dx — 3}
2t 4 Ty + 3
ol 35 — 1)
{x + 3}2x + 1}

{a} Vertical asymplote: x == ——

2
. 5
Hornizontal asymptote: v = -3

®) Holeats = 3| 3 - &)
i 3

3

L fla) =

sz“%xﬁr?}

(ay Domain: All real numbers. The denominator
ne real zeros. [Try the Quadratic Formula on
the denominator.]

(b} Vertical asymptote: none
Horzomal asvmptote: v = 3
[degree plx) = degree ¢(x)]

{c} 8

~i
2

{2y Doman: allx
{by Neo vertical asympiowes.
Huortzontal asymptotes ¥ = &1

{ey :

hias
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(ay Domain of 7 all real numbers except 4 i} .
{a} Domain of /7 all real numbers except {cy . RESERr s g 1

Diamaln of 20 all real nombers Fo s 6 17 |Undef| 9 | 10 11

o) 151617 |8 9 20 111

/ has no vertical asymprotes. (2) fand g differ at x = 4, where § is undefined.

fo} Holbatxy = 4

. ’ { } Con
SRR -2 O o = o
Y & 3

{a}y Domain of 10 all real numbers cucept 3 {ed) . ol ]9l 3 4

Domain of g0 all real nombers 314l 5] Underl 7] 819

L
ot
e

LF

o
~3
oo
N

xF 3 glxy 3| 4

[ has no vertical asvmplomes. {7 and g differ at v = 3, where / is undefined,

{cy Holeat x = 3

25 flxi ¥ 2x =% {x o+ 1Hx - 3

{ay Dromain of 0 all veal nombers except — 1, 3 i} o o ' |

b
[

e 3 | 4

e

Undef. | 3| 01 ~1 | Undef, | 3

Drewrn oF g0 all real numnbers except 3 e

-

PLETE L gl |2 1 Ylol —1 1 Undet. | 3

-, where £ 15 undefined.

L . Y aret o e e
1 has a vertical ssviptote at x = 3 (ej f and g differ ar.

() The graph bas a hole at x = -~ 1

fay Domain of £ all real nombers except | and 2 {dy

Diomnam of g0 all real numbers except 1 x| 321 0 I 7

DT S ) S S JSlab 00 =5 =2 Undef. | Undef.
(o) fto) = —= s =t x # 2 : ‘
(y = 23{e = 1}  x =1 glxy 12 q |- Ty Undet | a ;

bz

f hag s vertieal asymplote at x = L o . N . .
(o foand g differ an v = 3, where § is undefined.

{ey Fhe graph has g hole ar x = 2,

H
i H

27, flep =4 — - 2B =24 5

(8) Asx —> koo, fly) —» 4 {ay As

(b3 As x —> oo, flx) —> 4 but is less than 4 (b} As x> oo, o} - 2 but is greater than 7.

[} AS x -3 oo, flat — 4 but is greater than 4 (i} Asa— —oo, flx) — 2 but is less than 2,

& Houghton Miffin Company. All rights reserved,
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39,

{a} Asx —» too, flx) — 7.

ih} Asx > mvf{')sf_i ey} bt 15 greater then 2

(e As x -3 —0o0, fle} — 2 but is less than 2.

(ol gt o 4y 3Hx 4+ 2
el B = 2
i =3 3

The zeros of g are the zeros of the pumerator:

x =%

. x° -3 oo
gﬁ_y jo== - s == {j
i
Feros xowm o~ 1,03

o
§ooam e
P
, P n
dorarx o= 3 Ly o T 18 notin the é.{;m&z;}.}

| 255

= S DR ST million detlars
166 — 16

= T6% million dollars

{gy € - oo as x —» 100, No, i would not be
nossible 1o remove 1O0% of the pollutans,

The cost would be 225,000,

(e} Mo, The model is undefined for p = 10

(b)Y As x5 oo, flx} —» G but is greater than (.

x} 3 £ hut is less than O,

The zero of g corresponds to the zero of the
nurperator and 18 x = 2

A4,

-
i
Lk
e
by
;
B
ot

2x — 1

x4+ 1

= 170 mbhon dollars

fdy e

£ i

v /

e /

b ]

g i

e
2 Ejrwﬁ:w-":“mm 160

5

(b) C =

The cost would be 525,000,

{dy sonoon

f
fg
__,_,_,//

B e e d R Te 0
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e AN RN
41. (ay Use dam(\m,w), !_ ,2,47) ( 4, g}

42 {a

43.

(50,

LU A

) (ﬁ{}

';{;4/‘

f; -------- =00 x + (3.445

(b} ‘
x 16 32 44 | 50 60

vy 30 45| 731405 40

{Answers will vary.)

{¢y Mo, the function 1§ negative for x = 70,

;

T AAs S 0007x
B oo 400 600 | 80D | 1000 1200 | 1400 | 1600 | 1800 | 2000
¢ | o472l 0596 | 0710 0817 | 0916 1006 | 1096 | 1178 | 1255 | 1.328

The greater the mass, the more time required per oscillation. The model is a good fit to the actua) dara

{hy You can find M corresponding 1o £ = 1.056 by finding the point of intersection of

? + 16,96
8M + 16,965 - 056,

I you do this, vou obiain M = 1306 grams.

o 205430
I+ 0.04
fa) oo
//'HMM’
[ / 50

N(?;:‘S} = 8¢k deer
{¢3 The herd is Hmted by the hovizontal asymptote:

£

T 00

1500 deer

. False. A rational function can have at most » vertical
agymptotes, where n is the degree of the denominator.

47, There are vertical asymptotes at x = 3, and zeroy
at x = 2. Matches (b)),
4% T g fw ;..,_;;w
. flxp = R
o Hx + 3Hx — 3) Zx? — 1K
31, flx} sy

44. (a) e

PSS g

g

The model is a good fis

by For 20040, ¢ = 20 and I = 53665 billion,
For 2003, 1 = 25 and [? = $332.3 mlhon,
For 2020, 1 = 30 and 17 == $319.1 billion.
Answers will vary.

fcy Horizontal agymptote

Ag time passes, the national defense outlays
approach $292.7 billion.

4%, False. For example, fix) = *h““]i;? has no vertical

aSYmpiote.

48, There are vertical asymptotes at v = £ and x = 0
is & zevo. Matches (¢}

S S A )
- x—-2

_ - 2x 4+ ¥ - 3} -
{x + 1Hx — 2}

8 Houghton Mifflin Company. Al rights reserved.



@ Hougitton Mithin Compary. Al rights reserved.
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ire

e
|

ik
it

1241
Lo
V
-
!

&t It - 3 E G - gt

:
B

5 . .
+ A
i{x v 6]

= 0
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Section 2.7 Graphs of Rational Functions

o X
B You should be able {o graph flx) = *‘D(j
glx)
{ay Find the x- and v-intercepts. {by Find any vertical or horizontal asymptotes.
{¢y Plot additional points. (dy H the degree of the numerator 1s one more than the degree of
the denominator, use oy division o find the slant asyimptote.
Yecabulary Check
1. slani, asvmptole 2. vertical
. - Z
ogley = -+ ] % 4 3 oglyy = —— 4. s
L i_\ e [ N
. . P . - 4] \(wm.rﬁ
8 ' : o
-k fm b E \\{u _—
5 T & " -8 & i
oy K ) wﬁg 4 ‘ ‘
Horzontal shift one Hortzontal shift two
"” unit to the right # units to the left, and
Vertical shift one unjt Reflection in the vertical shrink
upward X-EXIS
.2
5. gy = 2 6 .
A
.
T ;
- Reflection m the - Each y-value is
x-axis multiplied by +.
Vertical shift two Horizontal shaft two o C
. _ . ) Wertical shrink
units downward units to the right
9. flxy = xl =4 =3 -1 0 |
T ¥+ 2 !
o i i ‘ 1
o ' yi 5 —1 i & ¥
yoinercept ({? 5} ! :
R
Vergical asymptote: x o= — 2 |

@ Houghton Miffiin Company, All rights reserved.



@ Hougivon Miffiln Company. All rights reserved.

Section 2.7 Graphs of Ratioral Funcions
7Y

151

i3,

. . . 5 N U B A B
v-intercepts | U, T ; ¥ ooy AR RERE

Vertical asymplose, ¥ =

Horizontal asympiote: v =

‘;”E’}ié‘d’ﬂiﬁﬁ{ 5“:‘& f':‘,} 11V§ﬁ§LLyCLw§-}E fr’}‘ }}

H

Vertical asymplote: oo ! Veriical asymplote: x = |

Horizontal asymptote: y = 2 Horizontal asvmptote: v = 3

)
P
=
Lok
i
[
fnd
-
[

& 703

iy
L
e
AT
L4
el
o
-
o3
.
Ly
I,

P
L Y

Vertical agymapude: 7= 0

x-intercept: |~ ¢
Horizontal asymptore, v = ~ 32 1

: Vortical asyvmpiote: x = 2
£

Horizontal asymptote: v = 2

b
e
:

H
Foud frmmt
-
By

5
[RESTY
el
Fan
fae
H
P i

e
H
L
Pl ft
H
[
Py
et

s
[RETS

dn i
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i
P

@ =4

15, flo =

Intercept: (0, ()
Vertical asymptotes: x = 2, x = —1

Horizontal asymptote: vy = |

V-aX1is svrnmetry

Lot free
[YEl Y

_ x
(R P ST

17, flx) = =

Intercent. (0, 6}
Vertionf asymptotes: v = fapdx = ~ 1
Horizontal asympinte: y = §

Origin syrmmetry

s -3 -2]-]olt J2]3la)

- 3 N IR ERES

S0 Ut s B A L W A B B 0

8. () :
. fley s

e (x — 2§

v-intercept: ((}. ““““ }

. P . Y

Vertical asymptote: x = 2

Horizontal asymptote: y = 0
VIR S T R IO A
y| bl #1011 —4) ~4]-1] %] -1

Intercepis: (0, 0)
Vertical asympiotes: x = 3

Horizontal asympiote: y = 0

Origin symnetry

x| ~5 -4 -2 0002 )
T U B A AR O
YT Fis O R T
.
iy AV

© Heoughton Mifflin Company. All rights reserved.



Section 2.7 Graphs of Rational Functions 153

. 4y + 1} ?
19, o) s et
glx) o i

Intercept: (1, ) o

Vertical asyvmptotes: x = Oandy = 4 !
x -2l h 2 3
IR

Vertical asvmptotes: x o= Gx o= 3

Horizontal asvinptote: vy = O
x| =200 1od2 3 4 ‘
v | =5 | Undef | =1 | =% | Undef. {

21, flx) =

S (e + x — I} i1,

Intercept: (0, O

Vertics! asympiotes: x = — 2 1

Horizontal asymntote: y = \\ Foy

pod TGt A4

o 2x
2. flxp = 5 [+ 2 b

Intercept: (0.0}

Vertical asyimptotes: v = 2, 1

Haorizomal asympote: v = §

x| -4 |- 5l-tlald (203

4 3 4
v 73 IR R

inn Company. Al rights reserved.

€ Houghton Miff



184 Chaprer 2 Polyromial and Rational Functions

Xk 3x xx 3

Tl -6 -x+3 x-2

Intercent: {0, O}
Vertical asymptoter x = 2
(Thereis a hole atx = — 3}

Horrzontal asvmpiote: v = |

24, glx) = NG

Vertical asymptote: x o= |

Horizonal asvmplote: y = — 1
4
R B
o
A S SO
,,4

5(x +4)  S{x + 4]

5

L F#E —4

Horizontal asvmplote: vy = 0

¥

)

Holeatx = —4

~r fu
o
&
)
ok,

5 3
¥y | Undef | —5 | -3

LA

2. fla) = = m x  dx # 4

Fr-12 t+alx—-3 x1-3

P i3
28, fls) = S = = :
x-intercept: (3,0 Pt
intercept ( 0.)
EERTCept: . 4
yintercept: | 2) -

Vertical asympioter v = 1
Horizontal asympiote: y = |

Dognain: allx £ 7

@ Houghton Mifflin Company. All rights reserved.
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Section 2.7 Graphs of Rational Funciions

24. i} = f{{_ﬁ -

33

35

o

i

Vertical asymptote: 7= 0
Horizontal asympiote: vy = 3

¥

L

Domain: 1 # 0 or (oo, 0 U, ool

4
Bl = T 3z,

Diomain: ail real numbers OR (oo, oo}

Horizontal asymptote: v = 0

‘ X+ + 1
oy = 5= L

2~ x— 6 lx— 3+ 2)
Domain: all real numbers except x = 3, -2
Vertical asvmpiotes, x = 3 x o= —3J

Horizontal asymptote: v = O

&

Tt ol 8
Dromaine all read numbers except O, OR (oo, 0} U (8, oo}
Vertical asymptofe: x = 6

Horizontal asymptote: v = {

Fay = 5( i ! ) - 30

x—~4  x+2 x — 4){x + 2}
Domain: all resl numbers except —2 and 4
WVertical asymptotes: x = —2Z, x =4

Herizontal asymptote: » = 0§

: x~— 2 8
he’x} s e
x — 3 .
- ~ w
x-intercept: {2, 0} ) S—— w
. A "
y-intercept. |, ;;j

Vertical asymplote: x = 3
Horizontal asymptote: y = |

Domain: all x # 3

Domain: ail real numbers
except 2 or (—oo, 21U (2, o)

)

/”

R

Vertical asymptote: x = 2

Horizontal asymptote: y = O

Domain: ail real numbers
except — 3 and 7 or

(oo, A3 {—3, 20 Utd, oo
Vertical asymptotes: x = —3,x = 7

Horizontal asympicte: v =

13
.

e
.15\\’? 15
@

5
S
1 \““M—Ew
o E
q0 i
- e

-7
4

. o

RN
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53 4 |3
',f““"” MMMMMMM
a2 12 L S T F 24 A P
Py T
& 4 T
There are two hovizontal There are two horizonial There are two horizontal
asympiowes, v = 56, asymptotes, y = £, asympiotes, y = +4
One vertical asymptote:
¥ o= =
~8]3 + 2| _ 8[3 + 4
o B+ x B5 - x . Bx
0. flxg = — o = 42, gix) =
i5 » A

.Mw 1 oo ¥/ 14 -8 W 4
-5 : =3 A
There are two honzontal The graph crosses s horizontal The graph crosses is
asymptofas, v = —§ and asvmpiote, y = 4, horizontal asymptote, y = 3.

i!
B2

. 4. glaj = St 45 Ay == — =t 1+
3 X x — } x
Vertical asvmptote: x = O fmtercepts: (3, O) {1, 0} Interoept: (0, 0}
Slant asymptoter y = 2x Veriicat asymptote: x = 0 Yertical asymipinie: x =
Origin symmeiry Slant asymptoter y = —x Slant ssympiote: ¥ = x 4+ |

Ohrigin symmetry

€ MHoughton Miffiin Company. All vights reservesd.
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€ Houghton Mifilin Company. All rights reserved.

# I 4x
47. glx) = oo oy
=TT T s

Intercept: {0, 0 Mo vertical asymptotes

Vertical asymptotes: ¥ = £72 Horizontal asymapiote: v = |
‘ . E

S}&ﬁg aSymptogg Yo ;;X EH{E?{‘@F}%E& {it ﬁ‘ {‘}}” ({}n Ai)
F4 kN -

Origin symmetry

.
[ G
] Skt 4 x0T D - L e 5+ 5 C 3
8. flaj =g = b b e 5. fla) = —————— =~ 1 + T
Intercepts: (—2.594, 0}, (0, 4} 5
P ) y-intercept: ( &, - ;;-;}
Slant asympiote: y = Lo ‘ -
2 Vertical asympiote: x = 2
B i Slant asymptole: v = 2y — |
=N
2l N ix Ehov= : X
-3 82y = - ¥
¥~ 3
(p} ximercept (— 1 0} . o {a) rintercents: (=1, 00
fay ximtercept: {— 1, 0} (a) x-intercept: (0, 0) } ereep
X+ 1 . ]
by O= 2x by = - X
&) v — 13 () 0 = T x
x -3
i
=+ 1 v = -
* 6= 9y S
—F = ¥
* 0=ux =]
v o= A
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54y =0 3+

ER v

{ay x-intercepts: (1, 0), (2,0}

3
L

By (e x — 3 %

&
e
e
.
-
4 16
o
n//

Promain: all real numbers except —4 or
(o, =43 (4, oo}

wedmtercepts: [—481, 00, {2610

g

yeintercept: [,

¥

Vertical asvmptoter x o= 4

Slant asvmpiote: v =

5]

i
="-a_
=

e
=

Vertical asvmpiotes: x = 2, x = 2
Haorizontal asymptote; v = 1

Mo shant asymmotes, no holes

Domain: all real numbers except v = — 1

Yertical asymptote: ¥ = — |
Slant syymptote: y = 2y — |

G

L
4
-
;
H

Diompatn: all rest numbers except §
or (—oo, 03U (0, oo}
Vertical asvmpiote: 1 = 0

Stant asymptote: v = —x + 3

]

i
N

i

a3
i
3

o A 2ee 8 e A+ )
60. flx) = " B L)

Yertical asymptotes: x = 3 x = -3
Horizontal asymptoter y = |

Mo slant asympioes, noe holes

| rights reserved,

:
i
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Secrtion 2.7 Graphs of Rutional Functions 159
L A= Se w2 {Ox - THx - 2) 0 2w Ot - Ex k4 Bx - Dx - 27 3x -2
61. ftr) = 26— x— 6 (2x+3Hr -2 2+ 3 62. 1) - 2~ 3x ~ 2 (x4 e —2Y 2+ U
x ¥ 2 x# 2
. 3 . i
Vertical asymptote: v = — = Vertical asymptole: x = —

&3,

65,

Hortzontal asympiote: y = |

Mo slant asymplotes

, 3
Horizontal asvmptote: v = >

e shant asymptofes

}}u{'}iﬁ At x o 2q (zi :}‘ ( 41
. Hole at x = 2, i _‘Ej
N . S e L
fta = x4+ G+ 2 64. flx) = ¥ -3+ 2
x4+ Di2x — 1) L= Mk R 232k + 1)
{x + 1Hx + 2} {x — 2¥x — 1}
{x — - 1} v+ 2H2x + b
LB l}{zx—-——-—l—zu X ¥ 11 ] ————'————‘——-——‘{\r }{ ‘ E} x % 2
x -+ 2 ¥ — 1
fong division gives Long division gives flx} = 2x + 7 + ——,
PR o ' D £
_x} x + 2 x 2 Vertical asymplote: x =
Vertical asymptote: x = —2 Mo horizontal asymptote
Na horizontal asymptote Slant asymptote: y = 2y + 7
Slant asympiote; v = 2x ~ 7 Hole at x = 2, (2, 20}
Holeatx = — 1. (—1, 6}
P4 2 3
y o ————— o — b, y = —— — — &7 v =
bl X X 4 X
{a} é (e} 2 (&) 5
. ."“‘«MM ‘ - “\
Bl e \\“ 7 R . 30 M_%\\ B
B iz 3
x-intercept: {—4, 0 z-intercept: {—3, 0) cintercept: {“ § {}‘)
z 4 ' A
(b) 0= ——r - ) o0
¥+ 5 x LR T i) e o 2 )
o 2 3 x+ 1 x+4
Ty i s x+1 x oy =2
+ -4
—dlx + 5} = x Zew dx + 3 £+ 2 x4
v 4w =0y — 4
—dx - H = x T =X
Ixw —¥
—5x = 20
. 8
x = TS
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x-intercept: £ 8§, 0

fa} §

r-intercept: {—72, 0. (3. 0

{b} (} oy — -

(h} ¥ i 2 e A

e

G B L B

P . B Nl
2

== - FG1E, - (1L3R2

?&. }: ES g e e
X

{a) ¢

x-tntercepts: (3, O (3, ()

4
(b} 0=ux—~

& Houghton Mifflin Company. All rights reserved.
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Section 2.7

Ciruphs of Rattonal Functions

i6l

A
. =3 . ] “+” [FT——
Tioy=x+1 -

{a} :

....... zmo— g e ]
x— I *
o= gt ]

b= 0

No real zeros

2

2t o+ B — 3= 2
24+ 55—~ 5=0

-5+ /25 — 402K ”:%5

x = ;
_ 5 /65
4
~ 0766, ~3.266

T4 y= x4 e
) r+ 2

£y 5

&+

i

Mo x-intercept

+

o dy A 6 =0

Because & — dac = 16 ~ 24 < O, there are

6 real reros.

j

ES

Apstercepts: (0

2160, (228100

(b} x = = e

2xe - S5x

5+ /258
g J

e ‘,/T:;;

9
} S *‘; ““““
2y — 3

3 =2
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TE (a)y Q25056y + 0775k

= C(50 + £)

(by Domabn: x 2 Oand x 3

Thus, & £ x = 950,

A% the fank fHs, the rate that the concentration
iy increasing stows down I approaches the
horrzomal asvmpiote © S (L75 When the

¢ = 0795,

TE 3y A = oay oand

K 30
----- aboow »&-
X Fa
o

86, (a) The lne passes through the points {7, 0} and
(3, 2} and has g slope of

e

by the poini-slope form

He = ap  ~Ua - g

T8, {a) Ares = xy = 500

By Dowmaln x> 0

i ki
el
yai b
HEHE S

Bl

A

S

Forx = 300 v 167 meters.

{hy Domaine Since the marging on the lefl and right are
sach 1inch, x > 2, or {2, ool

fch
The area s mininnm when v 387 m. and
yoe P75 i
g — . oy
iy The area of o tiangle 5 A = $0h,

Vertical asymptow o = 3
Stant asvimptoter A = a + 3

A iy a minimum when g = &
amd A = 12

© Houghton Mifflin Company. All rights resarved.
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Section 2.7

Graphs of Retionad Functions 163

4634 = 40,

The minimnum oocurs when x

300
!
i
}
e R
£} P s b i | 300

372 4 f
83, & m e (b 5
P 50

) The horizoental asyvmptode is the r-axis, or
O = (. This indicates that the chemical
eventually dissipates,

yy o The meximum ocours
when 1 == 4,5,
T
A
e k3
— . Dhistance
#4. (a) Rave » Time = Dasiance or ———— = Thne

Rate

W00 200 .

Ee W

25x = ey - 2Ty
25% = y{x — 25)
y o=

25
{By Vertical asvmptote: x = 25

Horizontal asymptote: v = 25

(cy Graph O together with v =

%)

!

el 3
BEEEE 2 3 4 5 | e 7 ————
Ol oz 1572 0129 L 123 0 2080 12 L =120 1 12

(.345 The graphs
intersect at £~ 2.65 and £~ BAZ O « 0345
when 0 £ r < 2,65 hours and when 1 > 832 hours,

x| 30 43 &t

(e
L

i
i

56.3 7 50 425

m
-3
LAy

v | tan

H

|

The results in the table are unexpecied. You would
expect the average speed for the round tip to be
[or the two parts

the average of the average speeds
of the ip,

N, 1 8 pot possible (0 average 20 miles per howr in
cne divection and sl average 50 miles per hour on
the round trip. At 20 miles per bour vou would use
more thime in one divecton than 18 required for the
round trip at an average speed of 3G mules per hour,




64 Chapter 2 Polynomial and Ravienal Functions
85, {a) ¥, = 583.8r + 2414 {7 = O corresponds to 1990) 86. {a) Domain:r z 0

&7.

89,

%1.

1 500

by Using the data (z = " } we oblain:

v, = - GOGHIES: + 00003150
i

Y3 T UG 00001855 + 0000315 A

False, you will bave to hft your pencil 1o cross the
vertical asymptote.

) &~ Jx M3 - i
Mxy = = ) = 2 ox
3o x 3 X

Since Byl is not reduced and (3 ~ x) 15 a fackor of
both the mumerator and the denonunmtor, ¥ = 318
not & horzomal asympiote.

There is 2 hole in the graph at x = 3,

& “
. a
T S B - has n slant asymptote
’ x+ 2
vy o+ b oand g vertical asvimpiote x = — 2.

(S S

s
0=3 4

4
i [ 3
oo 52

7 23— 10

(b} Ati=0,P = 10,

(c) P25} = 22 elk
P(30) = 24 elk
P{IO0) == 25 elk

K ; 17 .
{dy Yes, the horizonial aymplote v = o1 = 27 is

the Hiin

88, False. flx} = ;;ZE crosses its horizontal

asymptote y = Uatx = {1

_ e 2 - 1)

Bl = 2k #
A 4

Stnce glx) is not reduced (x ~ 1} s a factor of both
the nomerator and the denominalor, x = | isnota
howtzontal asymplote.

s Thereis ahole st x = 1.
/ # :
”
.a
G2y ox - 2 P has slant asymptofe vy = x — 2

and vertical asymptote at x = —4. We determine a

sor thal y has a zerc at x = 3

[#4 a
s - o e = L= o = e
w3~ 2 A ! 7 b 7
-7 x4k 2y — |5
54 B EV e =
ence, ¥ T X T A

@ Houghton Miffin Company. All rights reserved.



Houghton Miffiin Company. Al rights reserved.

(]

4

Section 2.8  Quadraric Models 165

fx\ - i i 57
9345 - 94, (4x?)77 = —— = e 98, o = 306 = 3
L8 4 (47 T 16t 3t ’
I L S
g@. = g 4 - 5/ = gg?. : 4}8\» i
s w572 /;
h // } e
i \\‘mww" i !/ \\
o ’¥ﬁ’ & 36 15 \ Ed
T -1
Domain: all x Semicirche
Range: v = /6 Domain: ~ 11 € x < 1
Range: 0 £ v £ 11
4%, 13 i EOE. Answers will vary,
) i | t% {Make a Decision)
. 15 4 "E i
L . {
/ h | \
2 f !
Dronniazn: abl x Parabola
Ranae: v < 0 Domain: all x
e b
Range: v < ¢
Section 2.8  Quadratic Models
You should know how o
B Construct and classify scatter plots,
B s guadratic model o data,
B Choose an appropriate model given a set of dam,
Yocabulary Check
1. linear 2. quadratic
1. A guadratic model is better. Z. Linear 3. A linear model is better.
4. Metther 5. Neither linear nor guadratic 6. Quadratic
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7. (g =

{¢y v = O.bde + 2.2, linear

(b} Linear model is better,
fdy 4

[v = ~0.00478:7 + 0 I8ETx + 2.1692, quadratic]

@ 6 11 12 i3 14 15 16 1718 [e o
¥ 21124250 28] 2913030132, 34135¢ 38
Model [ 2224 251 27 28259 31,32 3435 5 16
B, {a) i
S8 ® oo LI (é} s
3 4 WMWWW
{cy y= —{.19x + 105, linear # #

v = 0.006x7 ~ 0.23c + 1.5, guadratic

© 2 =1 o |1 213 la |5 16 |7 |8
¥ 11 L0711 10411030 101991969494 921 90
Model | 11 | 10.7] 104103 101 99 19716519392 90

8 (ay =9 _ {by Ouadratic model s better.
. . (d) s

N ST }
: N /

(¢} v = 55522 — 277.5¢ + 3478 ol o

@ o |5 o115 20 125030 |35 |40 145 |30 |35
¥ 3480 | 2235 | 1250 | 565 | 150 | 12 ] 145 | 575 | 1275 | 2225 | 3500 | 5010 |
Model | 3478 | 2229 | 1258 | 564 | 148 {9 | 148 | 564 | 1258 | 2220 | 3478 | .5004

0. () =

Gl o gha

(e} y = 17,7932 + 354.797x + 6162.9

e CONTIRUE D

(b Cuadratic

(dy oo

o PRI -

& Houghton Miffin Company. All rights resarved.
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Section 2.8 Duadraric Models

E
k3

&7

10, —CONTINUED—

ik, {a)

(e} .
R 0 2 4 &

10

18 20

y 6140 | 6815

P TSR0

THH 6820

Model

6163 | 68G1 | 7297 | 7651 | TRE3 | 93T TBSK | 7643 | T2ES | 6784 | 6147 | 3337
(Amswers will vary)
yo= 248y + L, Lnear Y2 ta) v = 2060k, linear model
o UQ’?E‘{’? o :{)L}X + 2.7, Cguﬂdr&ffﬁ Yo {}{}5}@/{* -+ E{}@YQ I‘Eu&driﬁlﬁ rriode]

{hy (198995 for Linear model
99519 for quadratic model

3 Quadratic figs better,

{ay v = —0BYx + 53 Hnear
v o= 0000 — 090 + 53, guadratic

(hYy GO9GE2 for the linewr model

o

{1.99987 for the guadratic model

3 The quadratic model 15 slightly betier

FAPREY
i} -
L W
® 3
= =
«
e B Bt | 33

by P 33207~ 1900 + 687

{ay =
N & "
.« : .
.=
.
e

thy § = - 3077 + 1319 + 397

{1 =8 < 1998}

{C) P8 e,

P00

o

(y Using & graphics utility, § » 2000 when
194, or 2009

P o=

(e} Mo, because the coeflicient of £ is negative,
The graph turns downvward a8 Mg INCTEases,

Angwers will vary,

14,

)

i7.

(By 099978 for the hinear model
(99984 for the guadratic model

(¢} The quadratic model 1s shightlv beter

by -+ 612
9.0 + 593

{&} y o
Y
{hy ROEZES, linear

(.99653, guadratic

{cy Quadratic ¢ betier.
5
5
e
S
w,l_\‘ q/f

N Vs
H Mmmw i

This cormesponds (o July.

P

(i}

SO0
i

4000

{dy According to the model, v = 10,000 when

g A o 20024

(o) Answers will vary.
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18, (ay eue {dy 5, = ~3268 + 1823 + 4413 {0.99151)
Za‘ﬁe's‘ "
() S = U170+ 4727, linear model  (0.98971)
fop oeems 5y Angwers will vary,
i g
: el (g) §, > 7000 for 1 > 19.4, or 2009,
- e
A //"’{ 5. 1 never greater than 7000,
e
B9, (a) 49 {dy
0 =" S
(b} | Lk (&1 The cubic model is a befter fit.
s o )
Ry e )1 vear 2006 | 2007 | 2008
L  (r=6) | =T} | (1= 8)
L A PP IVUICONU AN - L
“ AT 12776 1 14015 | 15429
(¢} y = ~ L1357 + 18999 + 50.32, Cubic 12091 | 14513 | 164.96
vadratic model,  (0.9985%) : .
quadratic model, - { ! Quaddratic | 12340 | 12764 1 12960
2ho(ay 3850 {3} 3650 Answers will vary,
" @/{
Ed - f/ld/
X . /’”/
T - e )
{1 50 Answers will vary, (e Cubic model is betfer.
.("K/
= o
& O vear 2006 | 2007 | 2008
/““ - £ N _—
L A ft=06y | b=T71| (r=8)
T ; A 3890 3945 4059
(o) y = 23607+ 5370+ 3489 Cubic 3838 | 3878 | 3862
quadratic model, {99474} Ouadratic | 3896 1651 4070

Zi. True 22, True
24 0a) (fogni = FlE + 31 =20 4+ 3 — 1= 20+ 5

(hy (g fHx) = g{2x —

= (2~ 12 03 =da? — dx + 4

23. The model is above all
data points.

© Houghton Mifflin Company. All rights reserved.
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Section 2.8 Ouadratic Models 168

25, (a) figle) = 0 — 1y =52 — 1) + 8 = 12 + 3
iy gl flery = g5 + B} = 25x + BFF — 1= 500 o+ 160x + 127

26, (2 (foghny =YX 1) =x+1—1=2x 27, (8) flelxiy = ,Hr -5 =

by (gofilrr =gl - =P~ 1+ 1=1x by gl flx)y = gl + 5]

28, F is one-to-one, - 9. fis one-to-one.
vy o+ 5
o 2; e B
Iy =x— 5
{x - 5} x5
G P VS . - s _ -
Y 3 = k) = 5 s fTHay = Sx - 4
3. f is one-to-one on [0, oo} 3L fis one-to-ons
u};:tzwfﬁ ¥z 0 yo= 2yt~ 3, x 2

xz 3

el i, B3
< FSats x4 5 NI
el 4
e
. P
34 35.
[
%
Ry ; Real
o xis ety - 4 g @ wiks
o
e
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Review Exercises for Chapter 2

@

{a} v = Zx% s & vertical stretch.

hy v = — 227 is a vertical stretch and reflection in
the r-axis.

(¢} vy = x* + 7 is a vertical shaft bwo units upward,
(dy v = {x + 5§ is a horizontal shift fve units 1o

the fefi.

3

3of =+ 3 41
Yertex: fAj, 1}
y-intercept: {O, {5}

No x-intercepts

2 : o
A 4 /
b PR
b 2

{a} Vertical shift three units downward

(b} Reflection in the x-axis and vertical shift
three units upward

{c) Horzontal shift four units to the right

{(dy Vertical shrink followed by vertical shuft
four units upward

4. flxp =dx — 42 — 4
Verten: {4, —4]
v-intercept: {0, 12)

x-intercepts: (2,00, (6,09

¥

uny s
) =~ + 5x — ¢ fertex: | ~2, ——
5. fla) = 20 + 55 - 4 Vertex: | : m}
1/ 2528 4
= jg{f + Sx + i 4/ yintercept: (i - %}
H( 3y 4t‘l. i 50 0 (x2 4 5 A}
i B =S Bl B x-intercepts: O = ~{x> + 3x — 4
FIANEY B pts Sl S - 4 .

0=+ 5z~ 4

-5 % /4] ,
= Use the Quadratic Formula,

2
(ﬁggﬁ
5 0)

€ Houghton Miffin Company. All rights reserved,
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Review Exercises for Chapter 2

71

BL Vertex: (—72, =2} == flx)=afe+ 23 — 2 12,

I3

Gt — 1o+ 1 4

6. fix)

. 1Y
:::j%‘ms~w4x+4&¢%-—~)

_ o
= "i[ x — 232 = “’i;é

= 3x — 2}F — 1 5w |

Vertex: (2, — 1}

y-infercept: {0, 11)

. 1+ J1Z
X-IRIErCepts x w —————— =}

- /3

12 | o

¢ .

( 24 ;%;-\f 3, (})‘ 12 E-in él})
G 3

kS

7. flx) = 3~ 5~ dx
=3 =+ d4r+ 4]+ 4
=7 —{x + )
Vertex: {—72, 7)
Intercepts: (0,3}, (-2 & /7, 0}

4 & B0

o R Sy )
~(J‘t e 36}‘* 30 iz

8. flx) =

e+ Bp -k
Vertex: [— %, ~ *'f’;}

x + 2P =18

LB figs
X o & = j‘\/ W
x = =6, —3

Intercepis: {-

%, Vertex: {1, —4} = Flay=alx — 17 — 4 10, Vertex: (2,3) =2 vy = alx — 2§ + 3

Point: (2, =3) =% —3 = a2 — 1} — 4
1= g

Thus, flx) = x — 12 — 4.

Point: {~1,0) = 0= ga{—1 + 2)% — 2

Y

a3

Thus, f(x) = 20x + 27 - 2.

Point: (~

Point; (0,2) =2 2 =gl - 2V + 3

i

=y 4 3 = og = —

Vertex: (~5 3 == y=alp + 1 + 2

2,00 = 0=al—2+1f +
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(b}

e

)

L

EEN
H
2]
La g
I Pt 1

(e}

when x =

ol b

The maxnmurn ares of B occurs at the vertey

4 and y o= -

S et i sl i) Rl e
! - Y
A .
H
i
g\\
Sau il
I
foa)

A
|
I
P
Pvesral
o

The dimensions that will produce & maximun
area seam tober = dand v = L

B, = OO0 - 1y 4 (54857

¥ . x

5,'.‘

Hr 1 3500 121

3278.5

P20 3280 HEY

32778

124 0 3UT82 122.5

33T 8

136 ] 3305 123

3278.1

The minimuom is 127 units,

& - R
(dy A = 1{( mmmmmmm = {2} The answers are the same.

© Houghton Miffiin Company. Al rights reserved.
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Review Exercises for Chapter 2

173

15,
! !
|
b+ 4y = 1500 Tatal smount of fencing
A = 3xy Area enclosed

Because v = -j:(éﬁi}{} - 6x},
21 _
A= 3x (};){iﬁ(}@ - X}

G
e D d e
= Ix. - F125x.

SR At £ 7.2 SRR 7 e BETTEYY wm TQT X
The vertex is at x = P Ty V25, Thus x = 125 feet, v = 4{%5(}{} AL125)) = 1875

and the dimensions are 375 feet by 187.5 feet.

i6. (a} =0 (&) P = 00008 + 1L.75x — 300
opens downward. The vertex is at
~b =173
X T e i ez TR
o AV P Zo  —O0
a

(dy The maximum profitis PIT50) = §1031.25,
B o= 1.7%5% — (0000527 + 500
(b} Fhe maximum is (1750, 1031.25).

To maximize profie, sell 1750 songs.

(b} {d ,

18, (a) ¥ (b) s (<) (dy :
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Polvaomial and Rarional Functons

19. flx) = 53¢ W. flxp =~ + Y gl = -t 2Ll w2 b bt 9
. 4 The degree is even and the
. {af i leading coefficient 1s negative.
" i w b The graph falls (o the left
- 1 .
fgl_ ” gh ! and right.
SO 1 R
12 2
22, flx) = éz" + I 25 fley = i{f"’ + Axt 4 24 hlxy = 2% — T e I
The degree is odd and the The degree 15 even and the The degree 1s odd and the
feading cosfhcient e positive, leading coefficient is positive. leading coefficient ts negative.
The graph falls o the left and The graph rises to the left The graph rises to the lefi and
rises (o the right and right. falls tw the right.
Woiay - -l s ¥ - 2 36, {8} = 2xt = 1P b oxow -l by - 1)
----- (SIS P R = Ty - DMx + 1) = 0
Zerosix = 10,2 Levosix = — 1,0 i?
b} — (b) :

(o) Zerves: — 1,005 the same

ey = A= S - 3 e gl 4 w?;f; - S =0 I (o) ~{x -+ B5F - § =0
Zeros r= 0+ /5 o 8T b OBx R 224 = 0

(b . (o + 83x% 4 100 ¢ 28}

N

!
! 1 Fer the quadratic, x = e
|

s ; i !
Y :
f - =5 % 3

4

Leros: — 8, -5 &

(o) Ferog: ro O, 21,732, the same
(b} z

o=

[
I

i1

H

|

() Real zeror v o= — &

& Houghton Mifflin Company. All rights reserved.
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Review Exercises for Chaprer ?

iTE

29. (ay xlx + 3 =0 30, {a) - 4t =0
Zerosix = 0, —3 P - 4y = O
{b) : s+ 2}~ 2} = 0
. - ' P Zeros f o= O, 22
’ I}h&\ £
; W (b 5
‘ s
(o Feros: x = — 3,0, the same 1 J .
{c}y Feros: ¢t = (0, £2, the same
3% fla) = b+ 2~ 1Px — 3) 32, flay = (x o+ 3dx — e — 4)
mot e Syt Byt b 17x — 10 m gt e Pt Vhpd 12k

33 f0) = = D — 2+ VBx - 2~ V3

i

=27 = T+ 13 - 3

34 flx) = (e + Nx — 4 + Jax ~ 4 ~ /B

ey — 2 — 4fx - 0

(b x* — 2x® = 1Zx7 b 18+ 27 = {x — 3P+ 1Hx + 3)
Zeros: £3, — 1
{cy and {d)

by =32 — 22+ 2Tx + 18 = ~(x — P + 303z + 2

2
Zerosix = xF —3

foy and (4} ¥

. (a) Degree is even and leading coefficient is 1 > (0 Rises to the left and rises to the right.

. {a} Degree is odd and leading coefficient is —3 < 0. Rises o the left and falls 1o the right
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&1, IAUJ we yd A Fyd e g e )

=11 = 0, F0) <« 0 = zeroin]— 1, 0]
FUOF < 00 f w6 = zeroin [0, 1]

by Feros: 2247, G555 O BO2

38 (a) = 0040 - Jéx - 14
Fled w 0 F-2) = 0 = zerois -3, 2]
Fledy o 070 < © = zeroin| -t 0]
fi3) < 00784 = O o zeroin |2, 4]

(b Zeros: —2.979, —.554, 3.533

&
ey
!
i
o
5
B

fa) Fl—=30 = 0, (=2 « 0 == zeroin|—3, —7]
F2Y < 0 F3Y 2 0 sm zeron [0 3

(by Feros: £2.570

F
.
el |
s
e
E

40, flxp = 2t +

() Ferns: — 1897, 738

o

P
-

&

© Houghton Mifflin Cormpany. All nghis reservad.
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Review Exercises for Chapter 2 171
g o X 44,y =T
P T ET - o
v = ot — 3 4 ”‘”:“-:Lm . S !
£ 42 Fa T A P
_ R+ Hx? 4+ 3} . 5 A ) -
2+ 2 ' A S - ER
) x4+t -2t -4+ S R
5+ 2 TRy T
EA
T ei h gg /
l
1y
77 | e
i
{ f' ! i
42 ! 1
d '
45, 8x + 3 46. tr+
Ir~ 2] 24— x— 8 3 - 2V 4gE 4 0x + 7
24x% ~ 16y 452 — 8x
155 ~ 8 S+ 7
150 - 10 -7
“““““ 75
2 S
e A8 o2 247 4 8§ 4 879
Ty T TR TS w-2 38 -2 3T T R
47. p =2 48, I+ 4
A P B K IS
g i 3t - 32
R 457 - i
2 S 4~ 4
G 3
17 It ot - E
Thus, 2 ELH—% m= x? - 3l # i) Thus, i"j:;***"* =37 4 4 +
e PO ¥

49,

S5+ 2
¥ = g+ 15 — 13— g+ 2

5x° — 152 + 5x

56,

¥4 - x ok
b Zx et - 4
| —xF = i
=i = Rt
x4+ Py
Xt 2
§:
Thus, ,
- ST S i 3
z ‘x"/ i ‘J{zﬁxz e S RSO N )
x4 Ty
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Polynomial and Rationa] Funciions

51.

PPN IO I L

ﬁx—i + ,3

Gt 10t 13— S

2x% — 1

- T
— fx
A + 3

L85
G

s
T

£

£y
i

Fon

8 O -2

Thus,
éx"* Ay — T - 8
x = {23

L4103

8O

Thus,
Txd e Wt R 10k - 22
x4

)
i
g

H

2 -

da

hy
o

P2 2
% t 5 3
. j 2
Z 3 ¥ g

18.5

@ Houghton Mifflin Company. All rights reserved.



Review Exercises for Chapter 2

7S

3. (3 -3 11 10

- 24 20 44
— 463

6. glt) = 25 ~

Z -5 { 4 -8
: -~ 218 #4327

- 401 = -3 ; g

(by —~2 ~24 24 44
—16 80 ~200

156 = £t

—48 G

26

o

- 3296

[
el
1%
Pk

—208 824

— 3076 = gl 4}

by V2|2 5 0 6 - 820
22 4-5/1 4710 §-1002 10
2225 4-507 40210

4|1 4 =25 28
| 4 32 28

)
i
ey
el

i
{x -~ 4)is a factor,
(hy ¥+ Br 4+ T =[x + i¥x + 7}

Remaining factors: b0 + ih{c+ 7}

62, {ay flop = 228 4 1hx?

[
st
Lh
-
g

{1 -4 -7
N

& 3 12 £
{x + 2} is a factor,

30 -6 5

e

.

] -3 —4 {3

{x — 3}is a factor

© Houghton Mittin Company. Al righta reservad.

41
~18

~61
16

34
—30

23
it

LaE

0

102 o =elV2)

(@) Flx) = {x ~

(dy Zeros: 4, 1, ~7

a5
Jjﬂ‘x I ;
10 } / ! i
f |
[ S S
88

(b6} Remaining factors of 2x7 ~ x ~ 15 are

(Zx + 53 {x — 3%

(e} fle} = Lr + 612 + 5}y — 3]

)
Z
P
o
i
{}’E

(b) &%~ 3k - 4 = (xr ~ 4){x + 1)
Remaining factors: (x — 4} (x + 1)
(e} flxj = (x + Zix — 3x — 43z + 1)

(dy Feross — 2, 3.4, 1

T ]

(b} Remaining factors of x — 4x + 3 are
(e 3540 — 1}

© £l = (x = 2 ~ 9 = Ilx = 1)

(dy Zevos: 1,2,3, 5
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&5 flxl = 4drt — 11t 4+ 10 — 3

66, flxy = 10x° 4+ 210 — x — 6

Possible rational zeros: 23, 5,:-% ik 5, ) % : ﬁ Posmbie rational Zeros: \
g
Zeros: 1, i% L2, £3, 16, ‘"A * sé‘* i% *"Lsi} ff'%“ﬂ’ém ?5%
Actual rational zeros: — 2, ; ““““ i
67. flx) = 60° — 5x% -+ 24x - 20 68, floy=x"— 135 - 170+ 06
= (61 - 5ﬂ¥.‘: + i} S El("ji\l Z}{“{ S ] Oy — ’g}
Real zero: E Levos — 1,2, ﬁ}
69, flx) = 6 — 25¢° 4+ 14t + 270 — 18
Possible rational zeros: &1, 22, 23,46, 29, 18, + +§ 3 :P% f i..'gi‘
Use a graphing vtility to see that x = — 1 and ¥ = 3 are probably zerog.
-6 -5 4 27 —i8 e 3 45 — I8
| -6 31 —45 1% 15 —3% 18
L i
& -3 45 —1¥ 1 13 6 ]
6t — P55+ 1452+ 2Tk - 18 = (x + THx ~ 3 - 13x 4 6
= {x + }{x = 333 - 2922 ~ 3}
Thus, the zevos of Fare x = — Ly = 3 x = «, and x = 31
78, fle) = S0t + 12627 4+ 25
== (557 4+ 1HES 4+ 25
Mo real zeros
7L gl = Bx¥ — Gx 5 9 has two variations e sign = 0 or I posstive real zeros,
gl —x) = ~ 55" 4 6x < 9 has one variation in sign == | negative real zero.
T2, flxd = 2x% - 3x7 4+ Dx — | hag three variations in sign => | or 3 positive real zerns.
Flexy = —2x° — 3x% ~ 2Zx — 1§ has ao variations in sign => { negative real zeros.
?&EE@ -3 4 - 74.8 2 5 4 E:
i 4 g 16 88 592
4 P35 2 2z H T4 600

All entries positive; x = 1 is upper bound. All positive = x =

8 is upper bound.

~tla -3 4 =3 -4 12 -5 -4 8
5 -1 1 3 ~% 52 ~152
4 -4 5 X 2 ~13 0 3% - 144

. . T Alfernating sigps =
Alernating signs; ¥ = — 3 1s lower bound. Alternating signs =

7R 6+ =25 = 6 + 5 7% -/ 12+ 1=

o= = 2 T T8, — it df =1 — 4

M?‘/ﬂ;"ﬂ%

x = —4 i lower bound.

3 - 2y

@ Houghton Miffiin Company. All rights reserved.
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Review Exercises for Chaprer 2 181

T9. (7 + 5+ (4 -+ 2} = (T~ 4) + {50 + 20)

=3+ 7

B1. 5413 ~ Bi) = 651 ~ 407 = 40 + 650

83 (V706 + 3005 — 2 = (4 + D5 - 2)
w30 - i+ 15 - 6 =25 + 4

= =26 - 7 = 29

BE. /=93 J-R6 =3 3 4 6 B6. 7~ S8 b A8 =T - 4 T

=3+ 9 =7 - 2

87, (10 ~ BHZ ~ %) = 20 — 30/ — 16i + 248 88, 6 ¢ D03~ 28 = {18 + 3 — 12+ )
e — 46 = {20 - 91 = 9+ 207

8, (4 — 7 — {4 = 7 e (16 - B 1) - (16 4 B - 1)
w6

L\e’
L
b
P
T
L
3
-
o
i
i

95, —3 — 2 96, 2~ i

w7, 2 5i B8 1 4+ 4 88, -6

5 e
4 4
= &
i
fogn B
. W) . 5 s
5 e x5 : R
2 IR 405 A
4 -
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e 7 161, 3 e -1
i?!:::g:ii:i‘y’ [ma;gi‘ﬂ:gy fmgl.gfa@
5 A%;S d‘);!!\.
54 4t 50
e 3- e
1_ . T @ Real ) : ) e
LR 3 o4 W Sedgeiel L3234 5 WS
‘I : . Reat -3+ 2 -
R st PR -3 ;4:
.2 g Ry
W3 fley = Sxdx — 21 1684, flx) = {r — 4z + 912
Zeros 0,72, 2 Feros: 4, -9, —4
I8, fl =20 - 50 4 M - 12 18, gl = 3x* — 40> + 757+ H0x — 4
P2 -5 {3 1 ~ 12 = {r + P{3x — FHa® — 2x + 4)
S = Crasdraticr x 2 = VQ:E i &Y
i S v 3
2 -1 -2 6 0 2 M
x = 215 & 2ero
; Zeros: ~1,=, 1 = J/3i
-3tz -1 =2 & :
| “3 & -4 eley = (r + D3x ~ D =1+ /3ile — 1 = J3)
2 4 4 &
x == u; is 4 rero.
/ 3%, )
]‘5‘;} =y - }{ x E)%ﬁxz -~ 4y + 4}
={x — 2H2x 4+ 3 - Fx o+ 2}
By the Quadratie Formula, spplied w %@ ~ 2x + 2,
244 - A b,
p o '“':,%“" s Ak
Ferow: 2, -— 1 1y
Flay = e 2022 + 3 — 1+ i3y — 1 — 1§
7. hix) = - Tyt b 18y - 24 08, flx) = 25" — Bxf - Gx v 40
411 =7 18 24 = (Zx + 56 ~ 5x + &)
| 4 miz o ‘ 5+ /553 5+ /Ui
) , Quadratic; x = s
i -3 & 0 2 2
~~~~ : 4 ig a zero. Applying the Quadratic Formula 55 T
omxZ - Gx + 6, Zeros: — “2“,, 5 i ““Z“f““z

TE

x = mmg#* = 2 £ £ = (2
L3, VB3 TS
feros: 4, - 2“* . 2 5 {
. S 3+ Y3 = JIEN
Mxp = {x »i_]@f B Mz - )

+ S}(x - g + jgz)(x

!\«H!Ju

. @)

& Houghton Miffin Company. Al righis reserved,
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Review Exercises for Chaprer 2

183

111,

fay

()

(e

it}
(b
{cy

{dy

flx

5 7
fleh = =3 —

flay = =L+ 137 4 téx -

xmmtereepts: (1 0L (-6

N R

4x3 4

= w4 B3 - 2

RS I S e P A

o At (x* + 9)x® + 25
Ferosr w3, L8
(x + 3x ~ x4 88 — 50

Ne v-intercepts

i flay = 25— 5% + 4a

flx) =

Zeros: 3, £, &7

112, {u

(b

13

(€}

114, () flx) =

(B

(¢

118, (&),

{c

}

N

e~ 2+ e — B+ 1)

I

flep =0 — 528 — T + 54

= {x + 3" — 8 + 17}

deros: 34+ L4 -

F) =G Bl - 4 -

x-ipgercepl: (3, 0

= {Ix ~ SHx® — Jx + &)

2 & J{Z2 = e z;
x o 5 e Rk

Teros: =, 1+

fld = (2x -

F-iptercept

Feros: 24 —5, 8

rintercept: {—3, )
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117,

119

121,

122,

i24.

Since 5418 a 7er0, 80 15 — 5,

Flay = {x — 43x + 2}{x ~ 5ix + 5i)
(7 — 2x — 8l + 18}

moyt e P 4 VI SOx — 200

i

Floy = (e = U + &)+ 3 - Sl + 3+ 50
= (6 + 3x — 4){lx + 3P+ 25)

= Ly 4 3y — 430 + By o+ 34

= %+ G+ 48T+ TEx - 136

Fixy = x% - 2% + 8x% - 182 — 9

118, Since 2f is & zero, so is — 24
Flxy = {x — 23x -+ 2Hx — 2i¥x + 20
= (2 - )2 + 4)
= x* — 16

120, 7O = (e + O+ Mx 1 - V3ie -
(x2 4+ Bx o+ 1O6H{x — 13* + 3

= (x? 4 8x 4+ 16)x? ~ 2x + 4}

= 60+ 4?4 B4

i

=147

For the quadratic 22 — 2x — 1, x = 3

(by flxy =0 + O — 1 + \fff{x — 1= 2}

(3 flo) = e+ 30 — 30 — 1+ VIMx — 1 = V2)

Flay = 5% =~ dd 4 32 4+ Bx - 16

(@) flx) = (x2 = x — 4)(x? ~ 3x + 4)

R R e . 17
(by x = 5 =5 Ry

L3 SO Am
() x= =7

I SN

1% s
o P — N B P A 5 R S
Flxd Sc‘.x 5 = I%\"}‘ 7+ )Q%’ ;

. deros, L2

flap = G+ 4jlx + 35

Zeros: 226 3

- . gl .
Zeros: 2+ 5,2 — J5i

Fflxp = (% — 4 + G325 + 1}
L
2

Ferostx = 3,2 £ LT

. {ay Domatn: all x = —3

(b Horizontal asyioptote: v = — |

Vertical ssympiote x = -3

[26. () Domam: all x £ 8

{by Horizontal asvinptote: vy = 4

Vertical asymptote: © = §

1+ /3

@ Houghton Mifilin Company. All rights reserved.
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127,

128,

P31,

135,

137,

. 2 z
{}y o =
S T TR T s G )

{a) Domatre ally 2 6, ~3
ity Horrontal asymploter v = 0

Vertical asympiotes: x oW &, x om0

Jf{ X} =

{8} Doman: all x # 7

(b} Horizontal asympiote; y = —
x =7

Vertical asymplote:

ey =

(&} Domain: sl v & &

{by Horizontal asymptote:r v = 2

.zh /g
Wertical asvmptotes: x = & ,; = ”i_:i‘;,.;

P
i
.
o,
e
bt
o
e
!
5
[

fay Domain: allx » 5, —3

Lad

(by Yertical asymplols: x = -
{(There s s hole at x = 5}

Horzontal asymptote: v o= O

flx) =

{ay Domain: all real numbers

by No vertical asympiotes

Horizonial aswvmptoles: v = |

. _S538p

L 02w i
100 — p p < 10

FAR(2S) )
2. 176 mullion.

(a) Whenp = 2

When p = 0. C = - ~- = 52K million.

When po= 75, ( =

= 1584 mithon.

128, The denominaior x* + x -+ 3 has no zeros.
Prosnain: all »
Horzontal asyviptofe: v = 2

YVertical asvioploes: pone

130, flx) = e s e
A o+ e — 1)

fay Domais: gl v #

{by Horizontal asymptote: v =

Yertical asymptotes) x

(ay Domam: all x

(b} Horizontal asvmpiote: v = 3

Mo vertical asympiote

| o A
134, flx) = e =

R R TR

{ay Domam: ajlx # ~ 1, 2

(b Vertical asvimpiote: x = — 1, x

No horizontal asympiotes

136, ;

i
{ay Domain: all v # 5

{by Vertival asympiote: x =

(RN —

Horizonm! asympiotes: v

=1 (to the right)

¥y o= b ito the left)

ihy s

(o} Mo As p-— MR O tonds o infiniy,



18  Chapter 2 Polynomial ond Rutional Functions
1.568x — $.001
! T e L 0
A T
. : \ . 1.568
The moth will be satiated at the borizontal asymptote, v = aen == (1747 myg.
xt = Sr i 4 ¥ — 3x — 8
139, fleh = =57 140. flx} T
A ) I L
{x — Htx + 1) (x = 2fx + 2)
¥ =4 Vertical as wes: x = 172
— ,EHIW‘ Y | artical asymptotes: x
o Horizontal asymplote: y = §
Vertical asymptotes: x = — | No stant asymptotes
Honzomtal asymptote: y = 1 Holes: none
Mo slant asympiotes
5
Hole at x == N (§ ﬂ:“}
ole at x 5
S Sl /- . 32 + 13~ 10
i4i. flxg = ge it 3 142, flx) = B2k T

143, flx) =

2~ 3z~ 9

o3 - 1)
Ty — A2x o+ 3

. 3
Yertical asymptote: x = ~5

Horizontal asymptoter y = |

Mo slant asymptotes

Hole sty = 3| ”é

;)

\«ziwﬁ

3 - - 12 £ 4
x4+ 3x 4+ 2

(x = 2(x + 2)(3x = 1)
(x + 1Hx +2)
_ 23— )

x+ 1

Vertical asvinpiote: x = — |
No horizontal asymptotes
Slant asymptote: y = 3x - [0

Holeaty = —2: (—2, — I8}

Iy 4 tix + 5

_ b+ 5K3x - 2)
{x + BH2Zx + 1)

3x — 2 .
i r _5
Ix o U
1
Vertical asymptoter x = —
3

Horizontal asymptote: v = 3
Mo slant asympiotes

Hole at x = — 3 (Mmfg_l Ef)

23 b 3yl Jx — 3
2= 3x + 2

Lo e+ 1)2x + 3)
N

{x -+ PH2x + 3

144 flx) =

W e );ﬂ “”:"’“T;*"“ . X '7& 1
2
m Ry ook 4 ,_{—_:E_ZH x#F 1

Wertical asymptowe: x = 2
Mo horizontal asvmptotes
Stant asymptote: v = 2x + 9

Hole aty = 1 {1, ~ H}}

© Houghton Mitthn Company. All rights reserved.
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; 2x — 1
345.1 f{x} o —';E:_ ....... g

Intercepts: {{}

R
s b s T : £
a's Bz e

a4

47, fla = ;‘Ig
Intercept: (0, 0)
Origin symmeiry

Horlzontal asymptote: y = 0

xi—2 ] -1 [
I 2 Z !
viTa s l0rs s
!
E

3
x*

150, flx) =

intercept: (0, 0)

Svmmenry: ofigin

148, flx} =

2x?
=4

Intercepi: {0, 0

y-gXis symumetry
Vertical asymptotes: x

Haorizontal asympiote: v = 2

3
2

r-imtercept: {3, 1)
yeirtercept: (i}, f>
L2

Yertical asymptoter 1 = 2

Horizontal asymptote: v = |

el =110 1345
IESEE SRR AERES
2
145, F(2) = ——
16 = 5

Intercept: {0, 0)
w8 symmetry

Horizontal asymptoter y = |

il
i

= =2 i
3 70 2110

5 | 4 i
X x5 a4 23l
P PR b gL A i
¥l 3 % 5 “
) y
.
SG H

Hortrontal asymptote:
v =

Mo vertical asympiotes i

5
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V 2 | .
B flyy = —3 T T
Jix o+ 1P e {x — 1)?

Intercept. {0, 2 y-intercept: {6, 4}
Horizontal asymptofe: v = 0 Vertical asympiote: ¥ =
Vertical asympioter x = — ] Horizontal asymptote: v = 0
\
-2l -1 10723
4
vis 11 lalagi i
‘ i
Fro t x [} |
A5 de3edel Lot )y

183, flx) = —n

Imtercept: {0, () Intercepts: (0, O
Origin symmetry Vertical asymptotes: x = +./2

Slam asymptote: v = Jx 1
: Siant asymplote: y = 7

xi -2 or—-L 012
yi=% -1 igl

u:;‘g.:

N
2

, T
156, fle) = =

R

Intercept: |6, ~3) Interceprs: (0,3}, (~3,00, | -

=
Il
Lot

Vertical asymplote: x Vertical asymptofe; x = -1

Slant asymptoter v = x + 2 Slant asymptote: v = Ze + 5

€ Houghton Mifflin Company. Al vights reserved.
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18%

187 N =

. Cuadratic model

2004 + 38
1+ 00587

fa} w0

T

7

&

{by N5} = 304,000 fish

M10} = 453,337 fish (b (x

NIZE) == 702222 fish

fcy The fimif s

bégé = 1,200,000 fish, the horizontal asvmptote,

()
(d}

16, Neither

(a) _E 164, (a)
L]
() y = RO32 — 1570 + 1041, 0.98348 (b
fcy =
< \\‘/;
2580
Yes, the model i3 a good fin, (<)
{ehy From the model, y 2 500 when = 5.1, or ()
20035,
{e) Apswers will varv.
{&}
(£}

tz b IRH. {a) |

N
Tiwog
AN i
N
L

Area = A = xy = x4+

4

a

9.4% by 5.48%

161, Lipsar model

U A N

Yes, the madel is an excellent Gy

v o= 0029 - 299 + 228

4.3
" /
R Z
\“Mw/f}l’
® &
A
53

14

e

b6l Quadratic

The quadratic model 15 not a good it

The cubic model is better,

Answers wil vary.




190 Chapter 2 Polynomial and Ravional Functions

165, False The degree of the numerntor 8 two more
than the degree of the dencminator.

167, False (1 - 0 4 {1 — [} = 2, a real number

168, Notevery mtional function bas a vertica
asvmptote. For example,

166,

1ok,

7.

Fatse. A fourth degree polynomial with real
coefficients can have at most four zeros. Since
~ 87 and 4f are zeros, so are 87 and — 44

It means that the divisor ts a factor of the dividend.

resaryad.

&

& Houghton Mifliin Company. All rght
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Chapter 2 Practice Test

1.

#

il

i3,

18,

pits

Z.

26,

Sketch the graph of flx} = &% — 6x + Shy
hand and dentify the vertex and the infercepts,

Find the guadratic function that has 3 maximum
at (1. 7) and passes through the poing €2, 5},

4.

Find the number of units » that produce a
minimum cost £ F C = 00125 — 80x + 15,000,

Find two quadratic Tunctions that have
x-intercepts (2, 0} and {fﬁ (.

tJse the teading Coefficient Test to determine the right-hand and lefi-hand
hehavior of the graph of the polynomial fonction flx) = 3% + 2% ~ 17

. Find a polvnomial function with §, 3,

and 2 48 7eros,

Divide 3t — Tt + Zx ~ HWibyx — 3
using long division.

Use synthetic division to divide
I 13t 12— Ihyx + 5

Find the real zeros of
Flad =% — 19x — 30,

8.

14,

iz

14.

Sketch flx} = x® — 12x by hand.

Divide x* — 1ibyx® + 2x — L

Use synthetic division to find
Fl— 6y when F{x) = Tx% + 40x* — 12y + 15

Find the real zeros of
fle) = 2t 4+ % = 8%~ 9x - 9

List all possible rational zeros of the function flx} = 6x" — 527 + 4x — 15

Find the rational zeros of the polynomial

faxy = x 2;5"?}:3' + Gx - }fj

. 2.
Write T in standard forme
i

Find a polvnomial with real coefficients
that has 2, 3 + 4, and 3 — 27 as zeros.

Find a mathematical model for the statement, "z
varies directly as the square of x and inversely as
the sgquare root of v,

2

Sketch the graph of fix; = 2577 a0d Tabet afl
X

intercepts and asymptotes.

4y — Qx4+ 7

x 1

Find all the asvmptotes of flxl =

7.

1%,

Z31.

23

27.

Write flx} = 0 + 8 b R e 55 - 1B
as & product of Hnear factors.

L3+ iF 1 .
Write "“'_2_““'“ e ""z* i standard form,

Use synthetic division to show that 3{ is

azero of fix} = 22 + 4% + 9% + 36,

I 1
Sketch the graph of fix) = —— and label all

intercepts and asympiotes.

Rx
. Find all the asymptotes of flx} = —5—— -,
2 -

. x5
Sketch the graph of flx) = ———— .
txr — 31
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